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BREATH TEST APPARATUS AND METHODS 
FIELD OF THE INVENTION 

The present invention relates to the field of breath test instrumentation and 
methods of use. especially in relation to their accuracy. reUability and speed. 

BACKGROUND OF THE INVENTION 

Gas analyzers are used for many measurement and monitoring functions in 
science, industry and medicine. In particular, gas spectrometry is becoming 
>videly used in diagnostic instrumentation based on the use of breath tests for 
detecting a number of medical conditions present in patients. Descriptions of 
much breath test methodology and instrumentation are disclosed in PCT 
PubUcation No. W099/12471, entitled "Breath Test Analyzer" by D. Katzman 
and E. Carlebach, some of flie inventors in the present application. Methods of 
constructing and operating gas analyzers such as are used in breath test 
instrumentation are disclosed in PCT Pubhcation No. W099/14576. entitled 
"Isotopic Gas Analyzer" by I. Ben-Oren, L. Coleman. E. Carlebach. B. Giron 
and G. Levitsky, some of the inventors in the present appUcation. Applications of 
some breath tests for detecting specific medical conditions are contained in 
patents issued to one of the inventors of the present appUcation, namely U.S. 
Patent No. 5,962,335 to D. Katzman on "Breath Test for Detection of Drug 
MetaboUsm", and U.S. Patent No. 5.944,670 to D. Katzman on "Breath test for 
the Detection of Bacterial hrfection" and in allowed U.S. Patent AppUcation 
No.08/805415. by D. Katzman on "Breath test for the Diagnosis of Helicobacter 
Pylori Infection in the Gastrointestinal Tract". Each of the above documents is 
hereby incorporated by reference in its entirety. 

Such breath tests are based on the ingestion of a marker substrate, which is 
cleaved by the specific bacteria or enzymic action being sought. or.as. a result of 
the metaboUc fimction being tested, to produce marked by-products. These 



by-products are absorbed in tfie blood stream, and are exhaled in the patient's 
breath, where they are detected by means of ttie gas analyzer. 

One well known method of marking such substrates is by substituting one 
of its component atoms widi an isotopically enriched atom. Such substrates and 
their by-products are commonly called isotopically labeled. One atom commonly 
used in such test procedures is the non-radioactive carbon- 13 atom, present in a 
ratio of about 1.1% of naturally occurring carbon. Using as the tracer, the 
cleavage product produced in many such tests is *^C02, which is absorbed in the 
bloodstream and exhaled in the patient's breatti. The breath sample is analyzed, 
before and after taking this maricer substrate, typically in a mass spectrometer or 
a non-dispersive infra-red spectrometer. Detected changes in the ratio of *^C02 to 
^^C02 may be used to provide information about the presence of the specific 
bacteria or enzymic action being sought, or as a measure of the metabolic 
function being tested. 

Since the amount of CO2 arising from the process under test may be a very 
small proportion of the total CO2 production from all of the bodies' metabolic 
processes, the breath test instrumentation must be capable of detecting very small 
changes in the naturally occurring percentage of ^^C02 in the patient's breath. 
Typically, the instrument should be capable of detecting changes of a few parts 
per million in the level of ^^COi in the patient's exhaled breath, where the whole 
^^COz content in the patient's exhaled breath is only of the order of a few 
hxmdred ppm. For this reason, the sensitivity, selectivity and stability of the gas 
analyzers used in such tests must be of the highest possible level to enable 
accurate and speedy results to be obtained. 

Fiuthermore, since the instrument is intended to operate in a point-of-care 
enviromnent, where there is generally no continuous technician presence, the 
instrmnent must have good self-diagnostic capabiUties, to define whether it is in 
good operating condition and fit for use. For similar reasons, it should also have a 
level of self calibration capability, to correct any drift in calibration level 
revealed in s uch se lf-diagnostic tests or otherwise. 

The use of the instrmneat in a point-6f-care environment adds additional 



importaiice to the speed with which an accurate diagnosis can be given to the 
patient following the test. Consequently, to increase patient compliance, the 
methods used in the breath test for analyzing the results of the measurements in 
terms of meaningful diagnostic information should be designed to provide as 
conclusive and reliable a result in as short a time as possible. Furthermore, the 
execution of the test in the physician's o£5ce is greatly facilitated by the use of 
simple patient and substrate preparation procedures. 

In order to maintain the reliability of such tests, it is necessary to ensiu-e 
that the calibration of the gas analyzer is maintained at the correct level. For this 
reason, in order to ensure maintenance of the high accuracy levels required, many 
of the prior art instruments necessitate die performance of complex and 
time-consuming calibration procedures, some of which have to be laboratoiy 
performed, rather than user-performed in the field Since the advent of compact 
and low cost breath test instrumentation is making breath testing a widely used 
medical ofBce procedure, instead of a hospital or laboratory procedure, the need 
for simple, user-performed, periodic calibration checks is becoming of prime 
importance. 

Furthermore, the breath exhaled by patients always contains a naturally 
high level of humidity, and in the case of intubated patients, could also contain a 
high level of moisture and other secretions. The presence of such extraneous 
fluids can severely affect the ability of the gas analyzer to accurately measure the 
sought-after gas. Furthermore, constant exposure to high levels of humidity can 
have an adverse effect on the component parts of the gas analyzer, and especially 
on the measmring sensor itself. For these reasons, moisture and humidity filters 
are advisable to maintain the accuracy of die instrument Since the operator may 
have a tendency to use the filters provided wifli the instrument beyond the 
recommended number of times, thereby impairing the accuracy of the 
measurement, it is important that means be adopted to ensure that the filtration 
unit is not used beyond its stated lifetime. 

There th erefo re exist s a nee d to ensure the maintenance of the accura cy of 
breath test instrumentation, both by means of regular mandated calibration 
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checks, and by ensuring regular mandated changes of the moisture filter used 
with the instrument. Furthermore, there is a need for the caUbration check 
procedure to be capable of simple and preferably semi-automatic execution by 
the user, rafter than requiring the intervention of a technician, or shipment to a 

calibration laboratory. 

The unique characteristics of the breath test analyzer described in the 
above mentioned PCT PubUcation No. WO 99/12471. are due in large measure to 
the use of electrode-less cold gas discharge infia-red lamp sources, as described 
in U.S. Patent No. 5,300,859. entitled «IR-Radiation Source and Method for 
Producing Same" to S. Yatsiv et a1-, hereby incorporated by reference in its 
entirety. One of the important advantages of such lamp sources is that they emit 
very narrow spectral lines at discrete frequencies characteristic of tiie molecular 
rotational-vibrational to ground state transitions of the excited gas species 
contained in the lamp. This is achieved in a source which is sealed-off, is 
compact, has a good level of conversion efficiency from electrical to optical 
power, and has a long life compared with previously available sealed-off lamps 
sources. 

The unique spectral properties and the narrowness of the emission lines of 
such lamps provides such gas analyzers with Mgh levels of selectivity, sensitivity 
and stabiUty, vMch are many times better than gas analyzers of similar 
complexity, which use lamp sources of alternative technologies, such as hot 
blackbody sources. The other advantages mentioned above enable tiie production 
of compact and cost effective instrumentation using such sources. 

The lamp sources described in U.S. Patent No. 5,300.859 have found 
particularly advantageous appUcations as sources of the CO2 spectral emission 
lines, for gas analysis of exhaled breath, to determine tiie levels of CO2 tiierein. 
Such CO2 sources have been used to great advantage in capnography and breath 
testing instrumentation. 

In U.S. Patent No. 5,300,859. there is a thorough discussion regarding flie 
parameters affecting the lamp emission rise and decay time, efficiency, excitation 
and output, and the lamp Ufetime as a fimction of chemical methods used to clean 



tiie lamp before sealing. On ±e oAer hand, the question of the spectral stability 
of the lamp source is not addressed. However, when used as a frequency 
selective source in NDIR spectroscopic applications, spectral stability may even 
be more important than the above parameters. Intensity changes over time can 
easily be monitored and corrected by using a reference path, since lamp intensity 
is a single valued quantity. On die other hand, spectral changes can not be easily 
monitored or corrected for, because of the huge amount of information contained 
in a spectrum. Changes in the lamp spectrum cause changes in the absorption cell 
absorption characteristics. If these changes are not known, then it is impossible to 
accurately measure gas concentrations using such lamp sources. There therefore 
exists a serious need for a method of maintaining a high level of spectral stability 
in electrode-less cold gas discharge infra-red lamp sources. A high level of 
spectral stability would make an important contribution to the maintenance of 
accurate calibration levels in breath test instruments using such lamps. 

The disclosures of all publications mentioned in this section and in the 
other sections of the specification, are hereby incorporated by reference, each in 
its entirety. 



SUMMARY OF THE INVENTION 



The present invention seeks to provide new methods and devices for 
ensuring the accuracy, speed and reliabiUty of breath tests. A number of separate 
aspects of the invention are disclosed herein, including but not limited to subjects 
related to: 

(i) system checking devices and methods of ensuring their periodic use; 

(ii) methods of patient preparation and substrate ingestion; 

(iii) methods of analysis of the results of breath tests to provide accurate 
^ diagnoses in the miTiimum possible time; 

^ (iv) self-diagnostic faciUties and caUbration of breath test instruments; and 

ffi (v) the spectral stabiUty for electrode-less cold gas discharge infra-red 

lamps, such as those used m NDIR gas spectrometers typically used in 
breath testers. 

The term "system check" is generally used throughout this specification 
and claimed, to describe methods for determining that multiple aspects of the 
measurement system are functioning correctly, including primarily calibration of 
the gas analyzer, but also possibly including such functions as the radiation 
source stabiUty, the input capnograph calibration, the gas handling system, the 
intermediate chamber system for collecting and diluting accumulated breath 
samples, and the detector operation. 

The term "caUbration check" is generally used in Has specification and 
claimed, to refer to a measurement of tiie absolute calibration of the isotopic 
ratios measured by the breath tester, referred to a zero base line level, by the use 
of caUbration checking gases vnfb. known isotopic concentrations or ratios, input 
to Ae instrument from externally suppUed containers. Since a calibration check is 
part of a system check, overlapping use of these terms may have been made on 
occasion, according to the context under discussion. 

The use of the term "calibration" of the instrumoit on the other hand, is 
generally used in this specification and claimed, to describe a process whereby 
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the parameters of the absorption curves used for the infra-red absorption 
measurements of the gases are corrected so that they compensate for drift or other 
environmentally induced changes occuiiing in the instrument. Changes in the 
absoiption curves are indeed generally the major cause for changes in the 
calibration of the instrument. According to this nomenclature, a calibration 
procedure, as opposed to a calibration checldng procedure, does not use 
extemally supplied gases with known isotopic concentrations or ratios, but 
typically relies on checks for internal inconsistency in Ae results obtained in 
actual measurements performed by the breath tester. The usual inconsistency 
revealed is an unjustified correlation of measured values of isotopic ratio with gas 
concentration, as will be further expoxmded hereinunder. 

The present invention first of all seeks to provide a new system checking 
device for use with gas analyzer-based breath test instrumentation, including the 
ability to perform a calibration check of the instrument against known calibrating 
gases. The use of the device with breath tests is particularly important, because of 
the high sensitivity, selectivity and accuracy, which must be maintained to ensiure 
the success of such tests. The use of the device is simple, and ensures that the 
overall functionality and accuracy of the gas analyzer is checked at regular 
predetermined periods, without the need for the operator to perform complex 
calibration procedures. At the same time, the calibration checking device may 
also comprise a fluid filter, and is so constructed that its use ensures efficient 
fluid filtering. 

There is thus provided in accordance wi^ a preferred embodiment of the 
present invention, a calibration checking sampling line unit with a built-in filter, 
particularly for use with breath test instrumentation. In order to maintain the 
guaranteed accuracy of the breath test, it is important both to perform regular 
calibration checks of the gas monitor, and to ensure that the humidity level of the 
sampled gas is kept below a specified level, and that there is no liquid penetration 
into the gas analyzer. Each calibration check device is designed to be used for a 
predetermined number of tests, widi a separate disposable oral/nasal part for each 
individual test perfoimed. After first connection of a new calibration check 



device, according to one preferred embodiment of the present invention, a 
volume of known calibration checking gas is released into the instrument, and a 
calibration checking measurement is initiated. At the same time, a signal is sent 
to a counting mechanism which both enables the use of the instrument, and 
commences a count of the number of tests performed by the breath tester. The 
counting mechanism can be located either on Ihe calibration checking device or 
in the instrument itself. When the predetermined number of tests have been 
performed, after which a new calibration check is recommended, Ihe counting 
mechanism provides operator warning thereof, or preferably even prevents 
contiaued Gperatien of the instnunent until a new calibration check is performed. 
A preferred method for performing this control function is disclosed in a further 
embodiment of the present invention. 

According to another preferred embodiment of the present invention, the 
signal transmitted after first connection of a new calibration check device and 
performance of a calibration check procedure, is sent to a timing mechanism 
which both enables the use of Ihe instrument, and begins accumulating the 
amount of time that the breath tester has been in operation since 4e last 
calibration checking procedure. When a predetermined operation time has been 
exceeded, after which a new calibration check is recommended, the timer 
mechanism provides operator warning thereof, or preferably even prevents 
continued operation of the instrument until a new cahbration check is performed. 

According to a further preferred embodiment of the present invention, the 
built-in moisture filter also has an interface with &e instrument, which prevents 
its operation if the filter is used beyond the recommended numbw of times, or if 
excess moisture renders it saturated. As an alternative to a multiple-use filter unit, 
the disposable oral/nasal part suppUed for each individual test could be provided 
with a built-in section of moisture filtering or moisture absorbing material, to 
ensure flie use a fi^esh filter element for every patient test. According to this 
embodiment .of the invention, the use of a firesh filter, while not mandated, should 
be performed automaticalfy if normal hygienic clinical procedures of using a new 
cannula for every test are followed. In this case, to give additional assurance that 
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a new cannula would be used for every test, each caUbration check unit is 
preferably supplied as a kit with the number of disposable oral/nasal parts, which 
would suffice for the number of tests expected to be performed within the 
recommended changing period of the calibration check unit. 

In accordance with furflier preferred embodiments of the present 
invention, where the particular circumstances of the test conditions allow it, the 
calibration check device can incorporate a caUbration check unit only, without a 
filter device, or a filter device only, without any calibration check unit 
Alternatively and preferably, the caUbration check device can contain both a 
caUbration check unit and a filter unit, and the enable or count signal transmitted 
to tfie instrument fi^om only one or other of the two units. 

According to further preferred embodiments of this aspect of the present 
invention, the caUbration checking device is used in co-operation with a breath 
simulating device inside the breath tester, the combination operating as a 
conq>lete system checking device. From the calibration checking device gas fill, 
a series of gas samples is produced which simulate all aspects of the breath of a 
subject undergoing a breafli test. According to these anbodiments, the breath 
simulator provides samples of (i) ambient au with the natural level of the breath 
test gas, to simulate the inhaled breath, (u) a sample of the gas to be detected in 
the breadi test with a known low isotopic ratio, to simulate the exhaled breath of 
a subject before ingestion of the isotopically labeled substtate, and (iu) a sample 
of the breatfi test gas having an isotopic ratio of Ae detected component 
somewhat increased, to simulate the exhaled breatii of a subject having a 
detectable response to the breath test. The timing of tiie supply of these three 
types of caUbration check input gases is preferentially provided by means of a 
pneumatic system using solenoid valves to route the gases tiffough the correct 
paths, and at the correct tuning rate to simulate human respiration rate. According 
to alternative preferred embodiments, the caUbration checking gas with the 
subtly raised isotopic ratio con5)onent is generated either by means of a porous 
tube device, able to preferentially change the isotopic contort of a gas flowing 
through it, or by means of two separate caUbration checking gas containers, each 
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containing a gas fill with a slightly different isotopic ratio. 

According to a second aspect of the present invention, there is provided in 
accordance with further preferred embodiments of the present invention, methods 
relating to the patient preparation before administration of the breath test. These 
methods are made possible only because of the method of virtually continuous 
sampling and analyzing of breaths, as described in this application, and in the 
documents described in the background section. In addition, metiiods of 
preparation and administration of the substrate for ingestion before the breath test 
are described. 

It is to be understood that, throughout this specification and as claimed, 
the use of terms to describe sampling and/or analyzmg, such as '^virtually 
continuous sampling" or "virtually continuous analyzing" or equivalent 
descriptive expressions, such as "substantially continuously", are meant to refer 
to methods of sampling or analyzing capable of being performed repeatedly and 
repetitively at a rate which is sufficiently high that a number of samplings and/or 
analyses are performed within the time taken for useful cUnical information to be 
determined fi-om tiie physiological effects under investigation by the breath test. 
This rate is thus highly dependent on the type of breath test involved. In the case 
of a breath test such as that for the detection of Helicobacter pylori, for instance, 
where a meaningful clinical result may akeady be obtained in a matter of a few 
minutes, '•virtually continuous sampling" could be taken to mean a rate as fast as 
aknost every exhaled breath of tiie subject. On the other hand, wiflx breath teste 
such as that for liver function, in which it could be several hours before a 
meaningful result is obtained, the condition of "virtually continuous sampling" or 
equivalent terms, may be fulfilled by means of a breath sample collection and/or 
analysis every half hour, for instance. 

It is this feature of virtually continuous sampling or analysis which 
provides the present invention with many of its advantages over prior art methods 
of sampling and analyzing indiyidual bags of breath. From a practical point of 
view, it is difficult, if not well-nigh impossible, to perform such prior art methods 
"virtually continuously" and it is this feature which hereby enables the present 
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invention to provide clinically significant results both earlier and with a higher 
level of reliability than by prior art methods. 

According to a third aspect of the present invention, there are also 
provided in accordance with more preferred embodiments of tiie present 
invention, methods for analysis of the results of breath tests to provide accurate 
diagnoses within times significantly shorter than those possible by use of prior art 
methods. These meAods include the use of a method for detecting the presence 
of oral activity in the subject, arising from the direct interaction of the labeled 
substrate with bacteria in the oral cavity, unrelated to the physiological state 
p being tested for. It is important to detect such oral activity, and to delay the 

S analysis of the collected breaths until after its subsidence. Otfierwise the breath 

J test's abihty to detect by-products of the labeled substrate exhaled in the 

subject's breath after traversing a metaboUc path through the subject^s blood 
^ Stream and lungs, would be severely degraded. 

Further novel methods are disclosed for calculating the change in isotopic 
£ ratio over flie baseline isotopic ratio, which enable more reliable test results to be 

i obtained in situations where there may be interference or excessive noise in the 

Q measurement. A furdier method is described for combating the effects of drift in 

the breath test instrumentation, which may limit flie ability to accurately 
compare currently collected samples with a baseline sample collected earUer. 
According to this preferred embodiment of flie present invention, the sample 
collected at each sampling point is compared with the sample collected at flie 
previous sampling point, rather than wifli a baseline sample or an external 
reference gas. 

Fiu^er preferred embodiments are disclosed in which the changes in 
isotopic ratio detected are analyzed using a newly proposed parameter, called the 
Relative Change in Isotopic Ratio, or RCIR, which con^ares the fractional 
change in the currently obtained ratio, normalized to a variety of isotopic ratios, 
. each of which has.its own specific advantages. A mejiod is also disclosed of 
using alternating definitions for the RCIR parameter, according to Ae progress of 
the test results, in order to reduce the effects of physiological or instrumental 
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noise in the test results. A method for more accurate detection of the baseline 
level is also disclosed, whereby multiple baseline measurements are made to 
eliminate flie possible negative effects of a single rogue measurement point. 

The operational function in a breafli test is to determine when a change in 
the isotopic ratio of a component of breath samples of the subject is clinically 
significant with respect to the effect being sought. The criterion for this 
deteimination, as used in much of the prior art, is whether or not the isotopic 
ratio has exceeded a predefined threshold level, at. or within the aUotted time for 
the test. According to another preferred embodiment of the present invention, in 
a order to achieve the highest sensitivity and specificity in the shortest possible 

I measurement time, the breath test analyzer does not use fixed criteria for 

I detennining whether the change in the isotopic ratio of a patient's breath is 

y clinically significant, tostead, the criterion is varied during the course of the test, 

S according to a number of factors manifested during the test, including, for 

h instance, the elapsed time of the test, the noise level of the instrument performing 

-j the test, and the physiological results of the test itself 

£ Furthetmore, al&ough in many of the prior art procedures, the 

5 measurement used for the change in the isotopic ratio has been the level of the 

ratio over a baseline level, according to furflier preferred embodiments of the 
present invention, the measurement could be the change over a previous 
measurement pomt other than a basehne level, or the rate of change of the 
isotopic level, or any other suitable property which can be used to plot the course 
of the change. 

As an example of the execution of such a variable criterion, the crossing 
of a threshold level by the isotopic ratio is used to illustrate the advantages of 
these preferred embodiments of the present invention. A calculation method is 
disclosed for Ae more accurate use of the threshold level, above which, 
according to the methods of the prior art, a test result is assumed to be positive, 
or below _which it is assumed to be negative. The method makes use of a 
dynamically variable threshold, whose value changes according to the progress of 
the breath test. It is optionaUy and preferably made dependent on the elapsed 
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time of the test, on the physiological meaning of the results, on the scatter or 
quality of the results themselves, and on the noise level or drift of the instrument 
being used. In addition, further preferred embodiments using multiple thresholds 
are disclosed. 

According to a fourth aspect of the present invention, there are also 
provided, in accordance with other preferred embodiments of the present 
invention, methods for self-diagnostic analysis of a breath test instrument, and 
for system checking of the instrument. According to these preferred 
embodiments, novel methods are disclosed for cahbration of flie instrument 
according to the data being coUected, either automatically, or by means of 
operator intervention. Such methods generally are based on the assumption that if 
the absorption curve of the gas analyzer is accurately known, then the isotopic 
ratio measured in the gas being detected, according to the supposedly correct 
absorption curve, will show no dependence on changes in the concentration of 
the sample being measured. Any such dependence found is reduced by means of 
an iterative correction method, which changes the parameters of the absorption 
curve in such a manner as to reduce any such correlation. 

Another prefeired method disclosed according to this aspect of the present 
invention is operative for correcting any maccuracy in the capnographic 
measurement performed at the entrance to a breath tester, by means of 
comparison with an accurate measurement performed by the self-calibrating gas 
analyzer, as summarized above. The capnographic measurement is used in order 
to determine which parts of the breath waveform are collected for analysis by tiie 
gas analyzer in the breath tester. 

According to a fifth aspect of the present invention, there is provided, in 
accordance with another preferred embodiment of the present invention, a new 
method of producing cold gas discharge infi^-red lamp sources with improved 
spectral stability, especially for those lamps operating with a carbon dioxide fill. 
A catalyst is used to induce recombination of the dissociation products of 
molecules of the fill gas broken down by the action of the electrical discharge, 
and the resulting maintenance of flie level of self absorption of the lamp 



emission, results in a concomitant maintenance of the spectral shape of the lamp 
emission. As a result of this maintained spectral purity, a breath tester utilizing 
such a lamp has improved resolution and improved accuracy, resulting from the 
more accurate and better resolved absorption measurement made on the isotopic 
gas mixture. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention wiU be understood and appreciated more folly from 
the following detailed description, taken in conjunction with the drawings in 
which: 

Fig. 1 is a schematic block diagram of the constituent parts of a breath 
tester as disclosed in PCT PubUcation No. W099/14576, incorporating an 
intermediate chamber system for accumulating and manipulating breath samples; 

Fig. 2 is an isometric view of a NDIR molecular correlation spectrometer, 
of the type used in the breath tester shown in Fig. 1 ; 

Fig. 3 is a schematic illustration of a gas analyzer system checking device, 
constructed and operative according to a preferred embodiment of the present 
invention, connected to a breath tester; 

Figs. 4A and 4B are schematic cut-away iUustrations of preferred 
connector embodiments for interfacing between the gas analyzer system 
checking device, and a breath testing instrument, where Fig. 4A shows a 
connector incorporating a simple electrical contact interface and Fig. 4B shows a 
connector with an optical interface. Fig. 4C is a block diagram of the method of 
interfacing an electronic interface which mcorporates an active semiconductor 
integrated chcuit on the calibration checking unit connector; 

Fig. 5 is a schematic representation of anotiier preferred embodiment, in 
which die filter fimction is performed by means of a dedicated section of tiie 
disposable oral/nasal cannula samphng tube, which has built-in filtering 
properties; 

Fig. 6 is a schematic illustration of a sampling filter line whose filter 
section is preferably one of those described in U.S. Patent No. 5,657,750, 
incorporated by reference in its entirety; 

Fig. 7 is a cut-away schematic diagram of an embodiment of a calibration 
checking-unit, showing a glass Mnpoule containing prentixed calibration gases; 

Fig. 8A and 8B are cut-away schematic diagrams of two preferred 
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embodiments of calibration checking units, with two glass ampoules, each 
containing premixed calibration gases; 

Figs. 9A and 9B illustrate schematically the operational concepts which 
are the basis of the calibration checking methods according to preferred 
embodiments of the present invention. Fig. 9A shows a representation of a source 
of a calibrating gas of known concentrations, which can come from a variety of 
sources, while Fig. 9B shows a schematic graph of results typically obtained 
from a series of dilutions of the calibrating gas, and measurements of die isotopic 
ratio at each dilution; 

Fig. 10 schematically shows a preferred embodiment of a porous tube for 
generating a gas sample with a different isotopic ratio to that input to the tube; 

Fig. 1 1 shows a graph of experimental results of the change in isotopic 
ratio obtained in the passage of carbon dioxide down a porous tube of the type 
shown in Fig. 10, as a function of the CO2 concentration and of the length of the 
tube used; 

Fig. 12 illustrates a double-stream porous tube calibrator, in which the rate 
of diffusion is more closely controlled than in the embodiment shown in Fig. 10; 

Figs. 13 and 14 which schematically show different embodiments of flow 
systems with dynamic isotopic ratio control, for supplying a breath tester with 
calibration gas samples, incorporating the porous tube devices depicted in Fig. 10 
and Fig. 12 respectively; 

Fig. IS schematically illustrates a preferred embodiment for the 
mechanical incorporation in a breath test instrument, of a single-flow i>orous tube 
device of the type shown in Fig. 13, for the execution of a calibration check 
procedure; 

Fig. 16 schematically illustrates another preferred embodiment for the 
calibration checking gas imit, in which the gas is contained in a metallic housing 
with a narrow neck for insertion into the calibration input connector on the breath 
tester front panel; 

Fig. 17 schematically illustrates another preferred-embodiment-for-the 
calibration checking gas holder, similar to that shown in Fig. 14, but wherein die 
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gas is contained in a metalized plastic bag; 

Fig. 18A to Fig. 18C schematically illustrate other preferred embodiments 
for flie calibration gas holder, in which use is made of an aerosol type of 
container for supplying the calibration gas, with a check valve for containing it. 
Fig. 18A shows the closed container, while Fig. 18B shows the calibration 
checking gas released by the act of screwing flie container into the front panel 
connector of the breath tester. Fig 18C shows a device for ensuring that the gas 
container is correctly located in the front panel input connector, when use is 
made of an alternative embodiment whereby the container is inserted by means of 
linear motion; 

Figs. 19A to 19C schematically show the operational stages by which a 
calibration check procedure is performed in the calibration check system shown 
in Fig. 15; 

Fig. 20 shows an alternative preferred embodiment for performing a 
calibration check procedure, differing from that shown in Fig. 15 in that gas with 
only one known isotopic ratio is provided to the instrument for measurement; 

Fig. 21A-B shows a flow chart, according to a ftirflier preferred 
embodiment of the present invention, of the computational method ruiming 
within the calibration checldng control program, to supervise the demand and 
execution of the periodic caUbration checking tests; 

Fig. 22 is a schematic flow diagram of die main steps of a preferred 
embodiment of the calibration procedure operating in the breath tester; 

Figs. 23A to 23E show plots of various breath test results which can be 
correcdy interpreted using methods of virtually continuous sampling and 
analyzing according to preferred embodiments of the present invention, but 
which may have been misinterpreted using prior art methods of collecting and 
analyzing discrete bags of sample breath; 

Fig. 24 is a graphic plot illustrating the use of the method of comparing 
pairs of successively collectedj^^ with each other, rather than with baseline 
or reference samples; 

Fig, 23 is a graphic plot of the Areshold values used for determining when 
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the change in isotopic ratio can be considered as providing a definitive result, as a 
function of the time elapsed from ingestion of the isotope labeled substrate; and 

Fig. 26 is a schematic drawing of an improved electiicaUy-excited gas 
discharge lamp, constructed and operative according to another preferred 
embodiment of the present invention. 



m 

m 

m 
m 



19 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Overall Breath Test System Construction and Operation 

Reference is now made to Figs. 1 and 2, which are schematic illustrations 
of parts of a prior art breath test instrument, of a type in which can be 
incorporated many of the methods and devices of the various embodiments of the 
present invention. The illustrations are taken from PCT Publication No. 
W099/14576, mentioned in the background section of this application. Figs. 1 
m and 2 are presented solely for the purpose of illustrating and clarifying certain 

m aspects of the present invention, and it is not to be construed that the methods 

£ and devices of the present invention are limited to appUcations in breath testers of 

^ the type illustrated in Figs. 1 and 2. The component parts and operation of the 

K breafli tester shown in Figs. 1 and 2 are described in terms of their use for 

a perfonning *^C02 breath tests. 

n Reference is now made to Fig. 1, which is a schematic block diagram of 

£ the constituent parts of a breath tester incorporating an intermediate chamber 

system for accumulating and manipulating breath samples, in order to bring them 
to the desired concentration for analysis. The subject 1 undergoing the breath test 
breathes or blows into a nasal or oral cannula 2. The breath samples are input 
into a breath sensor module 3, which is an input capnographic probe whose 
function is to monitor the waveforms of individual sample breaths, and to 
detemiine which parts of each breath to accumulate for analysis, and which parts 
to discard. The intermediate chamber gas handling system 4, which includes a 
system of sensors and solenoid valves, is operative to direct parts of the sample 
breaths either into the sample accumulation chamber 5, or if imneeded, out into 
the room. As soon as enough gas has been collected, and at the desired 
concentration, the sample gas is transferred from the accumulation chamber 5 to 
the NDIR molecular correlation spectrometric measurement cell 6, for 
measurement of the isotopic concentrations in the gas. A computer-based control 
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system receives and processes the results of the absorption measurements, 
calculates the isotopic ratios of the samples, and generally controls the complete 
operation of the intermediate chamber system. 

Reference is now made to Fig. 2, which is an isometric view of a prior art 
NDIR molecular correlation spectrometer, of the type used in the breath tester 
shown in Fig. 1. The analysis chambers are built into an alunmium block 10. 
There are two chambers for each isotopic analysis, one sample chamber and one 
reference chamber. The minority isotope chambers 1 1 for the *^C02 , Ae ends of 
which are visible in the end plate 12 of flie analyzer block 10, are much longer 
tiian those 13 of the majority isotope ^^C02. A thin shutter 14 is used for 
switching the measvirement between the sample and reference channels. In the 
i spectrometer embodiment shown in Fig. 2, the isotopicially specific sources 15, 

N and the absorption chambers 1 1, 13, axe directed such that the output beams from 

ffl all four channels are directed by means of a light cone 15 into a single detector 

16. 



4^ System Check System 

£ 

a Reference is now made to Fig. 3, which illustrates schematically a gas 

analyzer system checkiag device 20, constructed and operative according to a 
preferred embodiment of the present invention, connected to a breath tester 21. 
The device consists of two separate components, the calibration checking unit 22, 
and fee fluid filter unit 23. The subject 1 is connected to the device by means of a 
disposable nasal or oral sampling tube 2, into which he breathes. This sampling 
tube is connected to the filter unit 23 of the device by means of a mating 
connection 27. The sampling tube is preferably of a simple nasal/oral cannula 
type, such that it is a low cost disposable item. 

The filter unit 23 is attached to the calibration checking unit 22, or is 
built-into the calibration checking unit, such that the exhaled breath, after having 
moisture and/or fluids removed fi^om it, passes through the calibration diecldng 
unit 22, into the gas analyzer section 25 of the breath tester 21, The complete gas 
analyzer system checking device 20 is connected to the breath tester by means of 
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a special flange connector 24, whose function is twofold. Firstly, it provides 
passage of the exhaled breath to be tested into the gas analyzer 25. In addition, it 
provides one or more of electrical, electronic, optical, magnetic, gaseous and 
mechanical interfaces, according to the particular embodiment used, between flie 
gas analyzer system checking device and the breath tester. 

The interface mechanism fitted to the system checking unit is preferably 
constructed such that the first time it is connected to the breath tester, a 
momentary signal is inputted by means of control line 28 to a controller unit 26 
within the breath tester 21, which resets an accumidator unit which counts the 
number of breath tests performed with each system checking unit. The actual 
count is performed by the breath tester program, and a coimt could be added to 

y I 

^ the total, for example, for every occasion that the "Start Tesf ' command is given 

ly 

N to the system. 

5 According to a further preferred embodiment of the present invention, the 

controller unit 26 within the breath tester 12 is operative to start a timing device 
which accumulates tfie total time of operation of the breath tester fi*om first 
connection of a specific system checking device. In this embodiment, the 
p criterion for use of one system checking device is not the number of tests 

performed using it, but rather the length of time the breath tester is in operation 
before a calibration check is considered necessaiy. 

According to another preferred embodiment of die present invention, the 
signal to reset the test counting mechanism to zero could be provided by the entry 
of the calibration checking gas itself. According to this embodiment, the analyzer 
is programmed to detect that the gas entering its input port does not have a 
conventional breath waveform, and the system thus assumes that the gas entering 
is from a system checking procedure. Alternatively, a marker gas could be 
included with the calibration checking gas, and detected by the gas analyzer. 

The filter unit, according to other prefeired embodiments of the present 
invention,_may also have an inter&ce control cranection 29 to die controller unit 
26 within the breath tester 21. This control signal could be used for instance, for 
waming the user when the filter unit is saturated and no longer efficient, or even 
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to prevent operation of the instrument, even before its replacement is mandated 
by the elapsed time or number of tests performed. For instance, an accidental 
ingestion of fluid into the sampling tube from the patient before commencement 
of the. breath test, may render the filter useless for continued use, and without a 
warning to this effect, the subsequent breath test would be unreliable. This 
control signal could be preferably generated ei&er by optical detection of flie 
change in color of a moisture absorbing material, such as silica gel, or by flie 
closure of electrical contacts when the accumulated fluid reaches a certain level. 

Fig. 4A shows a cut away drawing of a connector incorporating a simple 
single-use electrical contaGt uiteifaGe. The connector flmige 30 on the system 
checker fluid filter device is screwed by means of a knurled nut 32 onto the 
mating connector flange 34 mounted on the input panel 36 of the breath tester 
enclosure 38. An 0-ring 45 ensures gas tight closure. Once the connector is 
closed, the gas being analyzed 40 can flow \da flie calibration checking unit into 
the gas analyzer of the breath tester. Mounted on a machined hollow or groove in 
the mating surface of the flange is a thin metallic foil 42, which, on first 
instantaneous contact with the connector, touches two contact pins 44. This 
closes an input signal circuit 46 in the controller unit, thereby enabling the 
commencement of the count of the number of tests performed with that particular 
system checking unit installed. However, on screwing the connector completely 
hoine, flie foil is ruptured, such that subsequent disconnection and reconnection 
of the system checking unit wiU not remake the contacts 44, and the clock count 
cannot therefore be reset to zero using that system checking unit connector. In 
this way, it is impossible for the operator to attempt to use each system checking 
unit beyond the recommended number of times by attempting to recoiinect it 
anew after expiry. 

Fig. 4B shows a simple optical interface, which operates in a similar way 
to the electrical interface shown in Fig. 4A. The trigger signal 58 to commence 
counting is givenJby means of flie reflection of a light signal transmitted from a 
source 50 such as a LED, located in the breath tester flange of the interface 
connector, off a reflective surface such as a metallic foil 52 located in the 
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calibrator flange of the connector, and back to a detector 54 located on the breath 
tester side. Re-use of the system checking unit after expiry is prevented by a 
mechanism designed to degrade the reflective properties of the calibrator 
connector surface so that after first connection, the unit no longer deUvers the 
required signal if reconnected. In the embodiment shown in Fig. 4B, a projection 
or pin 56, which tears the reflective foil, fulfills this function. Mechanisms 
similar to those described in Figs. 4A and 4B can be proposed using magnetic or 
mechanical interfaces for ensuring that the system checking unit can only be 
connected once to the breath test unit in an \mused state. 

Fig. 4C now shows block diagrams of methods of interfecing an electronic 
:1 interface, which incorporates an active semiconductor integrated circuit on the 

S system checking unit. A storage device such as a commercially available smart 

card can be used, to allow an identification of a specific caUbration checking unit 
through appropriate communication. The same storage device could also be used 
to store information relevant to Ae caUbration checking process such as 

^ instrument serial number, calibration date, number of performed tests The 

Q 

£ storage of the instrument number could be used to prevent the storage device 

fi-om being mistakenly used with another instrument, whose calibration had not 
been checked. 

The IC can fimction in a number of alternative modes. According to one 
preferred embodiment, shown in Fig. 4C (ii), the count of the number of tests 
perfonned by the particular calibrator is performed and stored in tiie IC itself by 
means of routines well known in the art. According to anoflier preferred 
embodiment shown in Fig. 4C (i), the IC does not play any part in flie counting 
procedure, but simply has a code, which is unique to the particular caUbrator unit 
to which it is attached. On first connection to a breath tester, this code is 
interrogate4 and is stored in the count register of the breath tester. So long as the 
permitted number of tests with Hiat particular code number has not been 
exceeded, the breath tester allows another test to be performed. 

Communication between the IC in the system checking unit and the breath 
tester can be achieved either by a multipin cormector, which is engaged when the 
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calibrator unit is attached to the breath tester, or by means of a radio link, or by 
any other suitable connection means. In the case of a radio link, there is no need 
to use a special flange on the system checking unit and breath tester. 

The above embodiments have been described in terms of an interface 
designed to commence a count of the number of breath tests that can be 
performed after each new system checking unit has been used. According to yet 
further embodiments of the present invention, the interface flange can be 
constructed to provide an interface between the filter unit and the controller 
circuit, such that the filter unit is the element which acmates the count as to the 
„„:^».j «„rv,i,»f r^f Wj.th tests oerrnissible before stopping operation of the 
tester until filter replacement is made. The design of the flange could then be 
% identical to that shown in Figs. 4A and 4B, except that the circuit closing 

elements are associated with the filter unit. 

According to yet another preferred embodiment, the filter unit can be 
constructed to provide a warning signal to the controller circuit through the 
interface flange, such as is described above, if Ae absorbed fluid rises to a level 
above which the filter no longer operates satisfactorily, or if the moisture 
absorber becomes saturated, even before the permitted number of breath tests has 
been performed with it. hi this way, the filter fiinctipn is doubly protected, both 
in terms of fi-equency of replacement, and in terms of efficacy. 

Reference is now made to Fig. 5, which illustrates schematically a systan 
checking fluid filter device 65. constructed and operative according to another 
preferred embodiment of the present invention. According to this embodiment, 
the filter unit is of low cost, simple construction, such that it is intended to be an 
built-in part of the sampling tube 62, and is. therefore, disposable like a regular 
sampling tube. In Fig. 5, the filter is a section 60 of the sampling tobe, designed 
to dry the gas by absorbing moisture, such as by coating the inside waUs 61, or 
partially filling the volume, with a water absorbent material such as siUca gel. In 
this respect, the "filter" does not fiilfill the generally accepted fimctions of 
removing bulk moisture, and should thus strictly be called a dryer and not a 
filter. For eveiy new breath test, a new sample line with diycr section is used. 
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being connected to the system checking unit by means of a connection 27. The 
electronic interface for preventing operation of the instnmient is then operative 
only from the system checking unit. As in the previous embodiments described, 
the system checking unit 22, is preferably interfaced with the breath tester 21 by 
means of a **smarf * connector 24, which allows control of the number of breath 
tests performed with each system checking unit 

If a capnographic measurement is to be made of the breath exhaled by the 
patient, it is important tiiat the waveform of the breath be maintained in passage 
through the filter unit, to ensure an accurate capnographic measurement. The 
preferred embodiment shown in Fig, 5 fulfills diis requirement, since the gas flow 
down the sample tube flows in a smooth laminar manner without any significant 
obstructions or perturbations, and without any pockets or comers of void volume 



m 

N which could disturb the waveform. 



S Altematively and preferably, any of the true fluid filtering devices 

Q described in U.S. Patent No. 5,657,750 could also be used for tiWs purpose. The 

%. filters disclosed therein are constructed so as to avoid significant disturbance to 

£ the waveform. Fig. 6 illustrates a sampling filter line 63 whose filter section 64 is 

3 preferably of the type disclosed in U.S. Patent No. 5,657,750. The sampling filter 

line is attached to the system checking unit by means of the flange 27. 

According to another preferred embodiment of the present invention, the 
filter unit can be constracted wifli a color marker which changes color when the 
filter is saturated, thus providing the user with visible warning that the filter 
should be replaced, even before tfie permitted number of breath tests has been 
performed with it, and the instrument interface would prohibit its fiurther use. 

Reference is now made to Figs. 7 and Figs. 8A and 8B, which show 
cut-away schematic diagrams of system checking units, constructed and operative 
according to preferred embodiments of the present invention. The system 
checking units incorporate one or more containers of a premixed calibration 
checking gas, and can be used in any of the system checking devices described 
in the previous embodiments, regardless of which filter configuration is used. 
With one exception, the system checking imits arc in interactive control contact 
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with the gas analyzer control system, such that they either cannot be used without 
transmitting a start signal to the control system of the gas analyzer, or they 
themselves are actuated by means of a control signal received from the gas 
analyzer control. The one exception is the embodiment wherein detection of the 
calibration checking gas itself by the gas analyzer provides the start signal for the 
counting or timing process for use of fliat particular calibration checking device. 
It is understood that the embodiments shown in Figs. 7 and Figs. 8A and 8B are 
schematic only, and serve only to iUustrate the operational method. In practice, 
the shape, dead volume, method of gas release and other details are suited to the 
^ gas containers used such as is described hereinbelow in the embodimente shown 

in connection with Figs. 15 to 18. 

The operation of the system checking units is described for use with a 
breath test for the detection of changes in the level of ''COj in the patient's 
breath, after ingestion of a '^C-labeled substrate. It is to be understood, however, 
that the units can be equally well apphed for use in breath tests with other 
isotopically replaced atoms, such as nitrogen- 15 and oxygen- 18. 
1 In the embodiment shown in Fig. 7, the syston checking unit housing 70 

1 incorporates a glass ampoule 72 containmg the system checking gas, though it 

could be provided in any form of container capable of being hermetically sealed 
yet easily opened on demand, such as a metallic cylinder with a foil seal or a 
depressable check valve. The system checking unit is connected through a narrow 
bore tube 84 by means of a T-connector 86 into the sampling line 78, which is 
connected to the breath tester preferably by means of an interface connector 76, 
such as those described in relation to Figs. 4A to 4C. In the preferred 
embodiment shown, a plunger 82 is incorporated in the waU of the system 
checking unit housing 70, such that when the plunger is depressed, the ampoule 
is broken and the system checking gas mixture released. Though shown otherwise 
for clarity, the system checking unit housing 70 and the glass ampoule 72 should 
be constructed in. such a way as to leave a minimum of dead space between them, 
to avoid diluting the released calibration checking gas with residual gas in the 
dead space. 
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The long narrow bore tube 84 now acts as a flow restrictor to prevent the 
caUbration checking gas from being released too rapidly into the sampling line 
78. This ensures that no overpressure effects are produced in the sampling line. 
An overpressure may overcome tiie effect of the system vacuum pump located in 
the breath tester, and allow some of the calibration checking gas to escape from 
the system towards the patient's end of the sampling line. Furthermore, the 
deUvery of the caUbration checking gas in sidestream fashion to the sampling line 
via a T-connector avoids any significant disturbance to the breath waveform, 
since the small entry hole and the long narrow bore connection tube do not 
^ present any appreciable perturbation or void volume to the sample gas flow. This 

i is very important for use with any instrument in which capnographic 

S measurements must be made, in order to avoid damage to the waveform of the 

SJ breath. 

S Alternative and preferable methods of releasing the calibration checking 

a gas include solenoid plungers electricaUy operated on demand by the breath 

I tester calibration checking program, or mechanical needles or projections 

I incorporated into the breath tester input flange, which cause mechanical breakage 

of the gas container seal or depression of a check valve on the calibration gas 
cylinder as the system checking unit flange is screwed home onto the breath 
tester flange. Preferred examples are described hereinbelow, and provide more 
specific details of the schematic examples outlined hereinabove. The operating 
mechanism of any gas release device not actuated by the control system of the 
gas analyzer, can be constructed to send its own "caUbration check start" control 
signal when actuated, to the gas analyzer. 

When the time comes to perform a system check, a new system 
checking unit, with or without a filter unit attached, is connected to the breath 
tester. No subject should be connected to the sample tube, since natural air from 
the environment is required for the system checking procedure. The caUbration 
check gas is released, eitiier by operation of the plunger, or by another of the 
methods mentioned above, or by any other suitable method, and the caUbration 
checkk^ gas aUowed to mix with the incoming stream of ambient air, and to 
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enter the breath tester. 

The ampoule contains a known volume of CO2 such that, witii the flow 
rate ingested by the breath tester, the final percentage of CO2 in the ingested gas 
is of the order of 5%, which is just above the chosen concentration of operation 
of the gas analyzer. This level can be achieved, for instance, by defining the 
volume of gas in tiie ampoule such that when diluted by the known flow rate of 
the instrument, the correct concentration is achieved, or by means of an 
intermediate chamber system, such as that described in the above-mentioned PCT 
PubUcation No. WO 99/14576. Since the volume of the intermediate cell 
described in PCT Publication No. WO 99/14576 is of the order of 300ml.. then 
S the ampoule should have a volume of the order of 15 ml of 100% CO2 at 

f atmospheric pressure, to ensure that a 5% CO2 intermediate ceU concentration is 

reached. If a typical flow rate of 250 ml/min. is ingested, the chamber should be 
full of gas ready for the measurement in a little over 1 minute. 

It should be emphasized here that it is not necessary to achieve the exact 
target '^COa concentration level for performing a system check. The important 
? factor for achieving accurate calibration is the isotope ratio present in the gas. 

O This is why it is possible to use a small ampoule of caUbration checking gas for 

dilution with the ambient flow, instead of requiring a monitored flow of 
accurately diluted gas from die anq)oule alone. 

The carbon dioxide calibration gas used contains a small added volume of 
'^COa above the level of the ambient air. This added volume is calculated to be 
sufficient to cause the isotopic ratio of "CO2 ini the carbon dioxide entering the 
breath tester to show a slight increase over that expected from a patient showing 
a negative response to the breath test Typically, a value of 55 is used for the 
calibration check procedure, where 6 is 10 parts per milUon. A value of 58 
enables a clear calibration check to be made, yet at a level close to the typical 
detection levels demanded of the breath tester in normal use. 

The system check-is performed by die use -of.a stream of flowing ambient 
air, which generally contains no more than 1000 ppm of '^COj and 10 ppm of 
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'^C02, to which is added a small volume of the calibrating gas at its full 
concentration level. As an alternative, an ampoule full of ready mixed calibration 
checking gas at die correct dilution could be used, containing a sufficiently high 
volume of gas to fiU the complete system. This, however, would make the system 
check more costly, and would also result in a sudden rush of gas into the system 
as such a large volume of gas is released, which would make it difficult to 
operate at ambient pressure, without allowing the overpressure to dissipate, thus 
requiring an even larger volume of calibration checking gas. Furthermore, a 
container with 300 ml of gas, even if somewhat compressed, would occupy 
valuable space in such an instrument, compared with a 9 ml sample. 

0 Fig. 8A now shows an additional preferred embodiment for performing the 
M instrument system check, in that the system checking unit housing 90 
y incorporates two ampoules 92, 94 of calibration checking gas. In the first 

ampoule 92 is contained a quantity of nattiral carbon dioxide, whose volume is 
such that its release into the flow of air through the system wiU result in the 

1 predetermined percentage of CO2 for the measurement system to operate 
£ optimally. The level of '^C02 contained is that of the sample used, and the release 
S of tiie gas fi-om inside the ampoule, such as by operation of the first plunger 96, 

or by any of the methods described hereinabove, enables a system check of &e 
base Une of the measurements, against which all future measurements are made. 
The second ampoule 94 contains natural carbon dioxide calibration checking gas 
containing a small added volume of "CO2 in comparison to the gas in the first 
ampoule 92. This additional volume is sufficient to cause the percentage of "CO2 
in the carbon dioxide entering the breath tester to be sUghtly higher than that of 
the baseline, which contains '^C02 at a typically naturaUy occurring level. 
Typically, a value of 205 is used. Once the baseline system check has been 
performed, the second ampoule 94 is opened by means of plunger 98, and a 
system check at the pre-chosen 208 level is performed. This embodiment 
dierefore allows -Ae measurement span of the breafli tester to be correctly 
calibrated, in addition to the pomt system check performed in the single ampoule 
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embodiment. In use, the frequency of perfonnance of a system check, will be 
determined by local conditions of use of the instrument. 

Fig. 8B is a schematic drawing of an embodiment similar to tiiat of Fig. 
8A except that the gases from the two ampoules are preferably conveyed to the 
sampling line 78 in separate tubes 97, 99, in order to avoid any mixing of residual 
gas remaining from the first ampoule 92, when the second ampoule 94 is broken. 
Such mixing could interfere with an accurate calibration. 

For use in the complete system checking device of the present invention, 
the system checking unit described in this embodiment may be combined with 
O ™. ;r.*^rfe--« or nioi«:tuJ:e filters described in the previously mentioned 

embodiments brought hereinabove. 

Reference is now made to Figs. 9A and 9B, which illustrate schematically 
the operational concepts which are the basis of the system checking methods 
according to further embodiments of the present invention. Fig. 9A schematically 
shows a representation of a source of calibrating gas 132, shown for the preferred 
example of a carbon dioxide breath test, connected by means of a tube 130 to the 
interface connector 76, where the gas is input to the breath tester. The source 
132, can preferentially be either one or more containers of calibrating gas with 
known concentrations and isotopic ratios, or a system checking device as 
described hereinbelow, capable of generating samples of calibrating gas of 
known concentration and isotopic ratio from a reservoir, or alternatively, even an 
accumulated sample of the breaths taken from subjects either before ingestion of 
the isotopic labeled substrate, or from subjects whose breath tests show them to 
be negative, or alternatively, an accumulated sample of breath from a single 
subject showing a positive result of his breath test. In all of these cases, the 
breath tester checking system is operative to take the sample of gas, and to dilute 
it down by means of the intermediate chamber system in die breath tester, into a 
number of different samples, each of different concentration, but with the same 
isotopic ratio, since each sample originated from the same, single, calibration 
sample of higher concentration. The isotopic ratio of each of these samples is 
then measured in the breath tester. Fig. 9B shows a schematic graph of results 
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typicaUy obtained from such a series of dilutions and measurements. The change 
in isotopic ratio from the average value, marked as A5 = 0, shows a small ±35 
cyclic variation about the average value. Though ideally, a straight line at the 
average value should be obtained, the realities of experimental and measurement 
noise are such that the typical result shown in Fig. 9B is accepteble as the output 
of a reasonably well calibrated instrument If the curve in Fig. 9B were to show a 
monotonic dependence on CO2 concentration, this would be symptomatic of a 
systematic calibration error in the instrument, probably arising from a shift in the 
absorption curve parameters used to convert luminous transmission into gas 

□ concentration. 

i According to more preferred embodiments of the present invention, the 

J breath tester is capable of performing an independent system check of all of its 

H major functions, including a system calibration check, which is performed by 

i means of a pseudo-breath test on samples of calibrating gas. The pseudo-breath 

test is accomplished using a breath simulator device, which generates a breath 
sample with its major characteristics similar to those expected in the normal 
operation of a real breath test. The characteristics which the device simulates are: 

□ (a) flow rate, 

(b) maxraium and minimum levels of total CO2 concentration, 

(c) *^C02/^^C02 ratio, and 

(d) respiration rate. 

The order of magnitude of the values of these parameters of the samples 
which the breath simulator shoiild preferentially provide are: 

(a) Approximately 250 ml/min. 

(b) Samples of approximately 0 and 5% CO2. 

(c) Samples with a ratio typical of breaths tested, and with a 55 deviation 
therefrom. 

(d) Approximately 15 tnm\ 

Several methods of generating and using such a calibrating gas flow 
device have been mentioned hereinabove. One of the most convenient devices, 
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according to a further preferred embodiment of the present invention, utilizes a 
tube of porous material which behaves as a diffusive membrane. Because of the 
smaU size of the porous holes, O.Spm or less, there is very little bulk mechanical 
flow of gas through the wall, but gases, including CO2 can pass through with a 
relatively high diffusion rate. As an alternative to the non-selective diffusive 
membrane, a selective membrane with a preferred rate of penetration of carbon 
dioxide can also be preferably used. One example of such a material is RTV 
sihcone, which has a diffusion rate for carbon dioxide about 8 times higher than 
for nitrogen, though a much small difference in Ae diffusion rate for the "CO2 
and '^COi, conunensurate Avitb the differences in their molecular weights. An 
advantage of the use of a selective membrane over a porous tube is the 
comparativelackof interference from the reverse diffusion of air, compared with 

carbon dioxide. 

S It should be understood that though these preferred embodiments are 

b described in terms of diffusion of isotopes of carbon dioxide, they are equally 

i appUcable to preferential diffusion of any gaseous isotopic cleavage product 

i which appears in the exhaled breath of a patient. Each gas breath tested will in 

5 general require its own different porous material, to provide a suitable diffusion 

ratio for the gases to be measured. 

Reference is now made to Fig. 10. which schematically shows a preferred 
embodiment of such a porous tube device. The gases flow through the tube from 
one end 150 to the other 152. The wall material 154 is made of a porous material 
chosen such that the gases flowing within, including carbon dioxide, undergo 
diffusion 156 out through the waU. If the wall material is a selective membrane, 
then the carbon dioxide diffuses through it at a significantly higher rate than other 
gases. If it is a diffusive membrane, the carbon dioxide diffuses through it at a 
rate, not very different from that of other gases of similar molecular weight, such 
as oxygen and nitrogen. Whichever embodiment is used, the wall thickness of the 
porous section, _its length and Ae flow rate of gas throng it can be conveniently 
and preferentiaUy chosen such that in passage down the porous section, the 
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desired proportion of die carbon dioxide content diflFuses out. 

However, because of the different molecular weights of '^C02 and *^C02 , 
the ^^C02 diffuses out more slowly ttian ^^C02 and the result is a small 
enrichment of the "CO2 level in the gas after its passage flirough the porous tube. 
The diffusion constant is inversely proportional to the square root of the 
molecular weight, M, of flie diffusing molecule. By means of mass diffusion 
calculations, it can be shown that the relative change AR in the isotopic ratio R of 
*^C02 to ^^C02 in passage of the gas down such a porous tube is given by a 
functional expression of the general form: 

AR = 1000 ♦(Rout- Rin)/Rin = 

f { A(^^C02 ) , CC02)ln , D(^^C02) / D(^^C02 ) } 

where : 



^ Rin = isotopic ratio at input to tube 

^ Rout = isotopic ratio at output of tube 

D(^^C02)= diffusion coefficient of *^C02 a Vm(^^C02) 
D(^^C02)= diffusion coefficient of ^^C02 a VmC^^COs) 
Q A(^^C02) = change in percentage of '^C02 in passage down the tube, and 

(^^C02)m = percentage of ^^C02 at the tube input 

Reference is now made to Fig. 1 1, which shows a graph of experimental 
results of the change in isotopic ratio obtained in the passage of carbon dioxide 
down a porous tube, according to preferred embodiments of the present 
invention, as a function of A(*^C02) and of the length of the tube used. The tube 
is preferably constructed of a polypropylene material and has an inner diameter 
of 1.4mm, an outer diameter of 2.2mm, and an average pore size of 0.37 pm. The 
flow rate of gas is approximately 250 ml/min. The abscissa of the graph depicts 
A('^C02), the change in percentage of '^C02 in passage down the tube, and the 
ordinate is AR, the resulting fractional isotopic increase in the ratio of ^^C02 in 
the gas after passage through the porous tube. The results are plotted for the 
situation which results in a 5% concentration at the outlet. The length, L, of 
porous tube used is marked beside each point obtained. 
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As an example of the use of this graph in the selection and operation of 
such a porous filter, in order to obtain a 5% concentration CO2 sample flow with 
a ^^C02 isotopic ratio decrease of approximately 5 x 10*^ i.e. 55, tihie input 
concentration of carbon dioxide must be approximately 18%, and the length of 
tube used approximately 80mm. This change of 55 in the level of '^COi , is close 
to the lower limit of detected level changes which enable a positive diagnosis to 
be made using the breath tester. A tube of such dimensions is thus suitable for 
use in supplying a sample of gas, of known concentration and flow rate, and with 
a known isotopic ratio change, close to practically detected threshold level 
changes, for use as a calibrating element 




Though the embodiment shown in Fig. 10 is inexpensive to construct and 
simple to operate, the presence of ambient air at the outer wall of the porous tube 
results in one disadvantage in its operation. Because of the likely lack of positive 
ventilation around the tube, there may be an accumulated carbon dioxide content 
in the air aroimd the tube, thus creating a different carbon dioxide gradient across 
the tube wall and a change in the rates of diffusion of the isotopic gases 
outwards. This will thus cause a change in the calibration factor of the tube. 

Reference is tiius now made to Fig. 12, which schematically illustrates an 
alternative and preferred embodiment of the porous tube device according to the 
present invention, wherein the above-mentioned problem is overcome and the 
rates of diffusion are more closely controlled. This embodiment is known as the 
double-stream porous tube calibrator. The porous tube 160 is enclosed within an 
outer housing 162, through which air flows, from the outer housing input 164 to 
the outer housing output 166. A steady air flow is maintained by means of a 
vacuum pimip 174. The air flow must be sufficient to avoid the generation of an 
appreciable carbon dioxide gradient across the wall, which would affect the 
diffusion rate of carbon dioxide through it. A flow of carbon dioxide, as in the 
embodiment of Fig. 10, passes through the porous tube, from its entrance 170 to 
its exit 172. The_carbon_dioxide_preferentially originates .from„a gas. source with 
20% carbon dioxide, and a flow restrictor 176 determines the flow rate. 
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In use, carbon dioxide from the porous tube 160 diffuses out through the 
tube wall and into the inside volume of the outer housing, from where it is 
removed by the flowing air. The quantity of carbon dioxide difiiising out is 
determined, as in the simple embodiment shown in Fig. 10, by the tube 
dimensions and the pore sizes. After its passage through the porous tube, the 
^^C02 enriched gas flow is used as the calibration checking gas of known 
concentration, flow rate and amended isotopic ratio, thereby simulating a real 
breath test sample. The advantage of this embodiment over the simpler 
embodiment shown in Fig. 10 is that the rate of diffusion across the porous tube 

Q wall is now independent of environmental conditions, since both sides of the wall 

m have known and controlled conditions. 

J Reference is now made to Figs. 13 and 14 which schematically show the 

porous tube devices depicted in Figs. 10 and 12 respectively, incorporated, 
ft^ according to preferred embodiments of the present invention, into flow systems 

O with dynamic isotopic ratio control, for supplying the breath tester with 

a calibration gas samples. In both of the embodiments shown, the carbon dioxide is 

g suppUed in containers filled with 100% carbon dioxide, and at a pressure of up to 

5 bar. The use of 100% carbon dioxide enables the smallest feasible volimie of 
gas container to be used, thereby increasing user convenience. 

In Fig. 13, the carbon dioxide is input to the flow system through a 
T-piece 180, to the third arm of which is connected an inflatable bladder 182. 
The ftmction of this bladder is to regulate the flow of the carbon dioxide into the 
system when the cylinder or container, typically pressurized at 5 bar, is 
connected. The initial input flow of higher pressure gas inflates the bladder, 
which then slowly deflates as it drives the gas gradually into the flow system. In 
addition to the effect of the expanded bladder, the breath tester itself is fitted with 
a vacuum pump which provides suction for inputting the gas samples. The carbon 
dioxide then reaches a switchable solenoid valve 184, which directs the carbon 
dioxide either into the upper ann via a flow restrictor 186 to the porous tube 188, 
or into the lower arm, known as the by-pass arm, also through a flow restrictor 
190. Before it enters the porous tube 188, the carbon dioxide content of the gas in 
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the porous tube arm is diluted by means of air, input into that ann through a 
variable flow restrictor 192. This air is preferentially obtained from the line used 
for inputting the breadi samples, since air drawn in through that line undergoes a 
drying process by means of a fluid filter located in the line. Means are provided 
for sensing when a nasal cannula is attached to the input connector, and disabling 
the calibration procedure, to ensure that the porous tube calibrating device is not 
actuated when a patient is coimected to the instrument, since in that situation, the 
patient's breath rather than air may be ingested. 

The single flow porous tube device is able to provide an isotopic 
divergence as high as 55 only if the concentratiGn drop thrGugh it is limited to 
about 25%. Consequently, in order to achieve 5% concentration at the output, the 



n| carbon dioxide concentration must be reduced before entry into the porous tube 

J device to approximately 20%. The flow restrictor 192 is adjusted to provide the 

^ exact concentration of carbon dioxide needed at the input to the porous tube 188. 

O By selection of the correct type of porous tube, the gas, after passage through it, 

Q contains 5% carbon dioxide with a 58 isotopic ratio deviation from the reservoir 

O gas. This calibrating sample is then routed through an output solenoid valve 194, 

for entry into the breath tester during tiie calibration procedure. 

Gas directed by the solenoid valve 184 into the by-pass branch, passes 
through the flow restrictor 190, and is then diluted down to 5% concentration by 
means of air which is admitted through an adjustable restrictor 196. Since the gas 
in the by-pass arm does not undergo any preferential diffusive process, the 
isotopic ratio remains unchanged, and AR = 0. The switchable solenoid valve 
194, in its altemate position, routes this gas sample to the breath tester for use in 
the calibrating procedure. 

The flow rate of the gas mixtures is preferably maintained at 2S0ml/min, 
as typically used by the breath tester. For the 55 sample from the porous tube 
branch, the settings of flow restrictors 186 and 192 jointly maintain this desired 
flow rate, with 50 ml/min carbon dioxide flow, and 200 ml/min. air flow. For the 
zero AR sample in die by-pass ami, this desired flow rate is determined by the 



settings of flow restrictors 190 and 196, with 12.5 ml/niin carbon dioxide flow, 
and 237.5 ml/min air flow. 

The flow system shown in Fig. 14 is operationally similar to that shown in 
Fig, 13, except that a double stream porous tube device 198, such as that in Fig. 
12 is used instead of the single flow porous tube of Fig. 10. Components of Fig. 
14 with functions identical to those of Fig. 13, are identically labeled. The flow 
rate of the flushing air in die outer housing of the double stream porous tube 
device 198 is set at the preferable desired level of more than 750 ml/min by 
means of the flow restrictor 191. A solenoid valve 193 is located before the exit 
2 from the device to the vacuum pimip 195, in order to isolate the device from the 

pump action except when a calibration is required. 

^; Reference is now made to Fig. 15 which schematically illustrates a 

'M 

yi preferred embodiment for the mechanical incorporation of a single-flow porous 

m 

2 tube device for the execution of the service or operator calibration check 

It procedure in a breafli test instrument 210. During normal clinical use, the 

patient's breath samples are collected, preferentially by means of a nasal cannula 
g 212, and conveyed by means of a sample tube 214 and via a fluid filter 215, for 

removal of excessive moisture and fluids, to the input connector 216 of the breath 
tester. Altematively and preferably, an additional fluid filter 217 can be installed 
inside the instrument in the line conveying the breath sample gas from the input 
connector ultimately to the gas analyzing system 222. The typical breath 
collection system provides samples with a flow rate of 250 ml/min, and at a 
pressure of 50mbar below ambient pressure, generated by means of a vacuum 
pump incorporated into the gas analysis system 222. Ehiring normal xise for 
breath analysis, these breath samples are routed to the gas analyzer system 222 
via the input capnographic sensor 220, by means of a switchable solenoid 218. 

Disposed in the front panel of the breath tester is a calibration input 
connector, preferably in the form of an internally threaded port 224, adapted to 
receive the externally threaded calibration gas housing 226. According to one 
preferred embodiment of this calibration gas unit, the calibration gas is contained 
in a glass ampoule 228 disposed within the housing. The ampoule preferably 
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contains 100% carbon dioxide at a pressure of up to 5 bar, as explained 
hereinabove. The total volume of calibration checking gas required is 40nil at 
STP, which is equivalent to Sml at the ampoule pressure of 5 bar. As a result, the 
gas calibration checking unit is of a conveniently small size. This drawing of the 
ampoule and its housing shows in more detail the general concept first shown in 
Fig. 7. 

According to another preferred embodiment of the present invention, as 
die calibration checking gas housing is inserted, a sensor mechanism 230 in the 
receiving housing detects the presence of the calibration checking gas unit, and 

□ transmits a signal 232 to the breath tester control system to enable die calibration 
yi checking procedure system. The sensor can preferably be a microswitch, an 
fy optical or capacitive sensor, or any other suitable detection device. Alternatively 
^ and preferably, the calibration checking procedure may be initiated by means of 

an operator command from the instrument control panel. 
O When the calibration checking gas housing is screwed home, an internal 

□ gas tight enclosxu*e is formed by means of an O-ring 234, and the calibration 
0 checking gas flows into this enclosure when the neck of the ampoule is broken to 

release the calibration checking gas. The gas tight enclosure is preferably 
constructed to leave a minimum of dead space around the ampoule neck, so that 
the ampoular contents are not unduly diluted by residual gas within the gas-tight 
enclosure. In the preferred embodiment shown, the ampoule is broken by means 
of a solenoid operated electro-mechanical mechanism 236 actuated by a signal 
238 provided by the breath tester when the calibration procedure is invoked. The 
ampoule may also be broken automatically by mechanical or other means. In the 
embodiment shown in Fig. 15, in addition or as a preferred alternative to the 
solenoid operated mechanism 236, an automatic breakage mechanism is shown in 
the form of a mechanical stop 240, which breaks the glass neck of the ampoule 
when the calibration checking gas housing is screwed right home. 

An internal tube 242 conveys the calibration checking gas from the gas 
tight housing to a porous tube flow system 244. The porous tube flow system is 
preferentially of the type depicted in Fig. 13, though a type such as that depicted 
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in Fig. 14, or any other equivalently functioning type could equally and 
preferentially be used. The calibration checking gas samples from the porous tube 
flow system are conveyed to the switchable solenoid valve .218. When a 
calibration checking procedure is enabled by tiie breath tester control system, the 
solenoid valve 218 is switched so that the breath tester inputs the calibrating gas 
sample, instead of the patient's breath samples . 

Reference is now made to Fig. 16 which schematically illustrates anotfier 
preferred embodiment for the calibration checking gas unit, in which the gas is 
contained in a metallic housing 245, with a narrow neck for insertion into the 
5 calibration checking input connector 249 on the breadi tester front panel, in a 

m similar manner to the glass ampoule embodiment shown in Fig. 15. This neck is 

=p 

m closed by means of a thin metalHc foil 246, preferably of copper or aluminum, 

hermetically sealed to the metallic housing. The foil is backed with a rubber plate 
P 247. A hollow needle 248 is fixed rigidly in the center of the calibration checking 

^ input connector 249, and protrades dierefrom in such a way that, when the 

calibration checking gas imit is inserted into the connector housing, die needle 
pierces the rubber plate and the thin metallic foil, so allowing the calibration 
checking gas to flow through the needle into the breath tester. The narrow bore of 
the needle acts as a flow restrictor to the calibration checking gas as it flows into 
the inflatable bag and from there into the porous tube flow system. The gas in the 
metallic housing is preferably pressurized at 5 bar. The rubber backing plate 247 
is operative to provide a hermetic seal between the punctured metalUc foil and 
the needle, so that small movements of the gas calibration checking unit when 
connected, will not cause leakage of the calibration checking gas during the 
calibration checking procedure. 

The embodiment shown in Fig. 16, being made completely of metal, is 
able to contain the calibration checking gas without leakage for long periods, 
providing the calibration checking unit with a long shelf life, typically two years 
or more. It has an advantage over the glass ampoule embodiment of Fig. 15, in 
that no glass fragments are produced on use, tfiese being inconvenient, liable to 
cause injiuy or damage, or improper connection of the next calibration checking 



unit if not properly removed. 

Reference is now made to Fig. 17 which schematically illustrates yet 
another preferred embodiment for the calibration checking gas holder, in which 
flie gas is contained in a metalized plastic bag 250. The neck of the bag 252 is 
similar to that shown in the metallic housing embodiment of Fig. 16, and the bag 
is connected by means of a similar needle-equipped calibration checking gas 
input coimector 249. 

Reference is now made to Fig. 18A which schematically illustrates 
another preferred embodiment for the calibration checking gas holder, in which 
use is made of an aerosol type of container 260 for supplying the calibration 
checking gas 261, In use, the container screws into a threaded calibration 
checking input coimector 249, from whose center preferably protrudes a conical 
projection 270, with a narrow gas passage 268 opening into the center of the 
cone, for conveying the calibration checking gas into the instrument. The gas is 
held hermetically in the container by means of an aerosol valve assembly, 
consisting of a valve stem 264, a valve seat 266, and a valve head 262. The valve 
seat 266 must provide a leak-free seal with the valve head 262, either by use of a 
layer of properly compliant material, or by the use of an O-ring seal. 

Fig. 18B shows how, as the container is screwed home into tiie input 
connector 249, the cone 270 mates with a matching cone in the plunger head 264, 
and pushes tiie check valve assembly inwards, thereby allowing the calibration 
checking check gas to flow througih the check valve from the container into the 
gas passage 268. The matching cones ensure tiiat none of the gas is lost 

Reference is now made to Fig. 18C, which shows a schematic drawing of 
a finder preferred embodiment for the interfacing of the calibration checking gas 
container with the input connector, known as the Filterline Recognition System, 
or FRS. This system includes an electro-optical recognition unit, operative to 
detect correct placement of the gas container before allowing the cahbration 
checking gas to be released. Confirmation of the correct position also eliminates 
the possibility of leaks of the calibration checking gas. In addition, the system 
can also preferably check the identity of the calibration checking gas, and other 
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data such as tiie serial number of the container or the filling date, to determine its 
shelf age. 

In Fig. 18C is shown a container 280 of caUbration checkmg gas, which is 
inserted into position in the input connector 282 by means of a pushing action, 
instead of the screwing action illustrated in Figs. ISA and 18B. The insertion is 
preferably performed either manually, or by means of a manually operated 
mechanism. On the neck of the container is located a reflective label 284, which 
can be a simple optical reflector, or can contain coded information about the 
contents, type or age of the gas container. A photoelectric module 286 is mounted 
in the neck of the input connector. This module consists of a photodiode emitter 
and a photodetector mounted in close proximity to each other, such modules 
being well known in the art. The valve in die neck of the container is preferably 
of die same type as that shown in Figs. 18A and 18B. 

When the gas container is located correctly in position to allow proper and 
leak-free flow of calibration checking gas into the input connector, optical 
radiation from the photoemitter is reflected back from die label 284 into the 
photodetector part of the module, thereby providing an enabling signal for the 
calibration check procedure to commence. According to ftirther preferred 
embodiments, the photelectric module can be of a type able to read the 
information on the label for inputting to die breath tester control system. 

This FRS system is an additional embodiment of the invention disclosed 
and claimed in U.S. Patent Application No. 08/961,013, entitled "Fluid Analyzer 
with Tube Verifier^', by some of the inventors of the present application. 

Reference is now made to Figs. 19A to 19C, which schematically show 
the operational stages by which a calibration check procedure is performed in the 
calibration check system shown in Fig. 15. The requirements of the gas samples 
generated by the calibration device are that they simulate real patient breaths. 
Three different ^es of such samples of gas are required for a complete 
calibration procedure, as desigimted below. For each of the types of gas, a 150ml 
sample is required by the gas analyzer. 

(a) 0% carbon dioxide, representing the inhalation stage of the patient's 



breath. The generation of this sample is illustrated schematically in Fig. 19A. 

(b) 5% carbon dioxide with no isotopic ratio deviation (05), representing the 
exhalation stage of a patient's breath before ingestion of the labeled substrate (or 
of a patient showing a negative result). The generation of tfiis sample is 
illustrated schematically in Fig, 19B. 

(c) 5% carbon dioxide with 55 isotopic ratio deviation, representing the 
exhalation stage of a patient's breatii showing a raised level. The generation of 
this sample is illustrated schematically in Fig. 19C. 

In Fig. 19A, solenoid valves 184 and 194 are switched such that only gas 
from the air inlet 197 in the by-pass path is used in generating the calibration 
sample. The sample thus has the characteristics: 0% CO2, AR = 0. 

In Fig. 19B, solenoid valves 184 and 194 are switched such that undiluted 
carbon dioxide from the by-pass path is used in generating the calibration sample. 
^ The sample thus has the characteristics: 5% CO2, AR = 0. 

In Fig. 19C, solenoid valves 184 and 194 are switched such that only 
diluted carbon dioxide with an amended isotopic ratio which comes from the path 
g containing the porous tube 188, is used in generating the calibration sample. The 

sample thus has the characteristics: 5% CO2, AR = 58. 

The rate of switching of the solenoid 184 simulates the ^'respiration rate" 
of the calibration pseudo-breath samples. 

The total reservoir requirement for the calibration gas can be calculated 
from the three calibration gas samples mentioned above. 

Sample (a) contains no carbon dioxide calibration gas at all. 
Sample (b) uses 150 ml. of gas, of which 5% is carbon dioxide. 
Requirement is Hhus 7.5ml. 

Sample (c) uses 150 ml. of gas, of which 20% is carbon dioxide (since the 
input gas to tiie porous tube contains 20% CO2). Requirement is thus 30ml. 

Total mmi mum carbon dioxide requirement is flius 37.5ml at STP, which 
dictates the use of a container with 40 ml volume at STP to provide some reserve. 
The calibration procedure and unit described in the above preferred 
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embodiments thus provides a check of the system calibration at a level of change 
in the ^^C02/*^C02 ratio very close to the threshold level above which a breath 
test is considered to give a definite positive result from the patient's breath 
samples. For this reason, quite apart from its use as a periodic calibration check 
of the breath tester, it can also be used as a speedy sensitivity check of the 
instrument at any time, for determining whether a specific patient's results which 
are on the borderline of being considered positive, are being correctly measured 
by the instrument. 

Reference is now made to Fig. 20, which shows an altemative preferred 
embodiment to that shown in Fig. 15, for performing a calibration check 
procedure. This embodiment differs in that gas with only one known isotopic 
ratio is provided to the instrument for measurement. This gas is preferably 
supplied in a container 300 at an elevated pressure, typically 5 bar, so that the 
volume of the container is suitably compact. The container 300 is preferably of 
the aerosol-type, as shown in Fig. 18 A, and on insertion into the calibrating gas 
connector 302 on the breath tester front panel, the calibration gas flows through 
the check valve into the system, and encounters a solenoid valve 306, This valve 
is generally shut, to isolate the breath tester from the ambient air, but when the 
pressure monitor 304 senses the presence of the high pressure gas, it provides a 
signal for the instrument control to open the solenoid valve 306, allowing the gas 
charge to enter the system, and to inflate die bladder 308, thus providing a 
reservoir of 100% caUbrating gas, CO2 in the embodiment shown, with a known 
isotopic ratio 5, and at atmospheric press\u"e, ready for pneumatic handling by the 
calibrating system. The solenoid 306 is also useful for providing a long-term air 
tight seal at the system entry, since the connector 302 is intended for short term 
use only. 

The gas flows via a variable flow restrictor 310, which is used for fine 
tuning the flow through a fixed flow restrictor 3 12, to a Tee junction 3 13, where 
it is diluted down to a useable 5% concentration by mixing with ambient air, 
ingested into the system via a dust filter 3 14, a flow restrictor 3 16, and a solenoid 



valve 318 opened when a calibration check is to be performed. The values of the 
flow restrictors 310, 312, 316 are chosen to ensure the proper dilution ratios to 
achieve the preferred 5% concentration. From the Tee-junction 313, when the 
3-way solenoid valve 322 is appropriately set, the gas flows into the breath tester 
for measurement of its isotopic ratio. Another flow restrictor 320 ensures the 
correct flow rate into the gas analyzer. The inhalation stage of the subject's 
breath is simulated by switching solenoid valve 322 to allow ingest of ambient air 
into the breath tester, via a dust filter 324 and a flow restrictor 326. By switching 
the solenoid valve 322, tiie inhaled and exhaled breaths of the subject can be 
simulated. 

The pressure monitor 304 preferentially fulfills more control functions 
than that of signaling when a container has been connected. First of all, it can 
verify that the container connected is indeed a new container, and widi the 
correct full pressure of calibrating gas in it. Additionally, it can provide the 
calibration control system with the information that a new calibration check 
container has been installed, and that the breath test counter should be reset to 
zero, ready for counting the permitted number of tests before a new calibration 
check is mandated by the system. 

As already mentioned, the calibration check processes and the devices 
described hereinabove are part of a mandatory system check incorporating a 
calibration check, which should be performed at regular intervals during the use 
of the breath tester instrument. This is a routine operator calibration check, which 
is mandated by the need to positively verify the accuracy of the breath tester to 
avoid the occurrence of false positive or false negative results in patients. The 
calibration check control system of the breath tester must therefore include a 
procedure which determines when a new calibration check needs to be 
performed, and supervises that Ae test is indeed executed using a new calibration 
check gas kit. 

Reference is now made to Fig. 21A-B, which shows a flow chart, 
according to a further preferred embodiment of the present invention, of the 
computational method running within the calibration check control program, to 



If flie secondaiy counter, read at step 360, is not yet at 5, the operator is 
asked at step 362 whether he wishes to perform an additional breath test before 
the calibration check. If the response is negative, then the calibration check is 
initiated at step 357. 

If the response is in the affirmative, then at step 363, the first of the extra 
tests requested is enabled. After performing the test, at step 364, both the primary 
and secondaiy counters, CI and C2 are advanced by 1, and at step 358, the 
calculation procedure is operative to enable the operator to cany on perfonning 
more of the five additional tests requested by him. 

r»„r.p thP caHbratioD check is initiated at step 357, the system first chedks, 
3 at step 370, whether a nasal cannula is connected, which may prevent the 

^ ingestion of pure air for the porous tube device of the calibration check kit. 

If the response is positive, then at step 371, the operator is notified thereof 
and requested to remove the cannula, and control is returned to step 370 to check 
whether the cannula has indeed been removed. 
§ If flie response is negative, then at step 372, a check is made as to whether 

a calibration check kit is attached or not. If the response is negative, then at step 
373, the operator is notified thereof and requested to connect a calibration check 
kit, and control is returned to step 370 to check for tfie absence of a nasal cannula 
again, and at step 372, for the presence of a calibration check kit. 

If the response is positive, flien at step 374, the identity data of the new 
calibration check kit is interrogated, to ensure that it is the correct kit for the tests 
being performed, and that it is indeed a new kit. 

If the response is negative, tiien at step 372, the operator is notified of the 
problem, and is returned to step 370 to recommence the routine for performing 
calibration check. 

If the response at step 374 is positive, then at step 376, the calibration 
check procedure is commenced by the release of the fiirst caUbration gas. 

Release of the first gas signals the actual commencement of the calibration 
check procedure, and the secondary counter C2 is thus reset to zero at step 378. 
From this point onwards, the calibration check is described in terms of a 
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two-gas system. At step 380, the first gas is measured, following which, flie 
second gas is released at step 382, and measured at step 384. 

At step 386, the result of ttie caUbration check is displayed, and 
recommended action provided to the operator regarding the need to initiate an 
operator calibration procedure, as described hereinabove. 

At step 388, the identity data of the new calibration check kit is amended 
by one of the preferred methods described hereinabove to indicate that the kit has 
been used, and is therefore invalid for further use. The calibration check 
procedure is thereby terminated. 

For a single gas calibration check, using the intermediate chamber system 
of the breath tester to dilute that one sample down to provide more calibration 
points if desired, a similar calculation method is used, with slightly amended 
steps 380 to 384. 

Self-diagnostics and Calibration 

1. Self- diagnostics 

Since the instrument is intended to operate in a point-of-care environment, 
where there is generally no continuous technician presence, the instrument must 
have good self-diagnostic capabilities, which define . whether it is in good 
operating condition and fit for use. There are five main levels of activity 
associated with the operation of the diagnostic system, two levels of diagnostic 
activity, and three levels of consequential or corrective action, as follows: 

(a) Accxunulation of a historic database of fimctional parameters of the 
instrument operation, such as noise level, drift, correlation of unrelated results, 
and the like. 

(b) Identification of the existence of problem and estimation of its 
severity. A problem is identified either because of a parameter falling outside the 
limits of the instrument specification, or because of a systematic change in 
comparison with die past performance of that instrument. 

Once the existence of a problem has been established at level (b), it is 



dealt with as per levels (c) to (e). The level reached depends on the severity of 
the problem revealed and its impact on the measurements performed. The levels, 
in increasing order of severity are: 

(c) Automatic application of a correction to measurements being made. 

(d) A warning output that instrument maintenance or calibration is 
required. 

(e) Complete disablement of the instrument 

As an example of the different operational significance of each of these 
levels, the effects of noise present in the measurements is used to iUustrate the 
censequences of each of the above five levels. 
3 (a) The measurements are constantly monitored and the results for a 

specific time period backwards are stored in a database. The noise level of the 
results, both in terms of scatter of the actual measurements, and in terms of 
various operational parameters of the instrument, such as lamp or detector noise 
are recorded. 

(b) The noise level is checked, both for departure from die nonn, or from 
past behavior. If the random noise is below a predefined critical level, the 
O diagnostic method does not define the noise as being sufficiently problematic to 

prevent the attainment of an accurate measurement. Excessive correlation noise, 
on the other hand, as wiU be discussed in flie section on instrument calibration 
below, always directs the instrument into one or odier of the recalibration modes. 

Identification of what constitutes a critical noise level is dependent on the 
type of measurement being performed. A measurement which is giving a definite 
clinical indication of die patient's state of health, showing a sfrongly positive or 
strongly negative result, is capable of tolerating a higher level of random noise 
than a measurement giving a result very close to the du-eshold level. For results 
close to the threshold level, a noisy signal could result in a false positive or fidse 
negative result, and a much lower critical noise level is therefore required. In this 
way, the reliabiUty of the breath test measurement is determined as a fimction of 
the conditions prevalent during the execution of the breath test itself. 

The instrument diagnostic system can be constructed to output a 
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measiirement reliability parameter, which is a combination of all of the 
operational parameters affecting the measurement reliability, as described 
hereinabove. It could, for instance, be a predefined combination of the closeness 
of the measured breath test result to the threshold, &e noise level encountered 
during the measurements, and the level of the result itself. The measurement 
reliability parameter tiius operatively defines what constitutes an excessively high 
noise level, according to die resuh being obtained at the time the definition is 
being made. 

This parameter, can also be output with the results of flie test, in order to 
f3 give the doctor additional information as to what level of confidence can be 

attributed to that particular test result. 

=^ It should be pointed out that, throughout this specification, the use of the 

fU 

N terms "positive" and "negative" to describe the results of breath tests or patients, 

m 

m is taken to mean that the patient shows respectively an elevated or non-elevated 

O DoB (delta over baseline) isotopic ratio. It is appreciated that whether such an 



^ elevated DoB is indicative of a state of normal health, or the reverse, is 

^ dependent on flie particular test being undertaken. For the breath test for H, 

Q pylori, for instance, it is an elevated DoB that may be associated with the 

presence of the bacteria. On the other hand, in the breath test for liver function, 
for instance, a DoB which stays low may be iadicative of a diseased state of the 
liver. 

(c) If the noise level is high, but not so high that no meaningfiil 
measurements are possible, the diagnostic system applies a compensation 
procedure to the measurement. A commonly appUed compensation procedure is 
achieved, as an example, by increasing the averaging measurement time of the 
sample currentiy undergoing analysis in the gas analyzer. 

Another compensation procedure for excessive noise, either instrumental, 
or a physiological result of the test, is the dependence of the width of the band of 
threshold levels for the definition of a positive result, on the noise level present, 
as is discussed in more detail hereinbelow. This compensation procedure has a 
direct bearing on the measurement reliability parameter output by the instrument. 
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Yet another compensation procedure for excessive noise is the criterion 
used for ending the test. Should the noise level be such that a definitive decision 
concerning the outcome of the test masked by noise fluctuations, a decision can 
be taken to lengthen the test in order to try to achieve a more definitive result 
above the noise level. 

(d) This level warning is actuated either as soon as a level (c) situation is 
encountered, or at a higher level of noise severity, depending on the success of 
the compensation mechanisms in the instnunent in achieving an acceptable 
measurement, with a good level of confidence. At this level, an output is issued 
by fee diagnostic system, warning the user that instrument maintenance or 
calibration is required, so that the source of the noise can be determined and 

m 

jg eliminated. 

(e) Once the noise level becomes excessive, and compensation procedures 
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p do not enable the achievement of an accurate measurement, a level (e) status is 

" reached. At this stage, the diagnostic system disables the instrument, since fliere 

then exists the danger of the generation of false results. 



2. System checks 

The breath tester, according to preferred embodiments of the present 
invention, is capable of performing independent checks of aU of its major system 
functions by performing a pseudo-breath test on supplied samples of a calibrating 
gas. In particular, the calibration of the instrument is checked. There are a 
number of ways in which this may be preferably performed, as described in the 
section on "Gas calibration checking device" above. The samples can be two 
physically separate samples of gas mixtures, supplied, for instance, in calibrating 
cylinders, each gas mixture having a known total CO2 concentration, and a 
y^no^fn 13c02/12c02 isotopic ratio. The use of two separate calibration checking 
gases provides information about the absolute gain of the instrument, such that 
the positions of the two absorption curves are known. This information can flien 
be used to confirm the true position of the 13C02 absorption curve, which, in the 
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instrument calibration procedures to be described below, is assumed to be 
constant. 

Alternatively and preferably, a single gas with a known gas mixture may 
be used and the intermediate chamber of the instrument used to generate separate 
samples, each having a different concentration. Even a gas with unknown 
properties may be used, and the intermediate chamber of the instrument used to 
generate separate samples, each having tiie same isotopic ratio but a different 
concentration. 

As an alternative to performing the calibration check by analyzing external 
sources of gas with known or fixed isotopic ratios, the pseudo-breath test 
^ calibration check can be accomplished by using a breath simulator device, which 

^ generates pseudo-breath samples with different isotopic ratios from one sample 

of gas. A breath simulator device is described hereinabove , in connection with 
Figs. 13-14. The parameters of die pseudo-breath sample are similar to those 
encountered in the normal operation of a real breath test, e.g., similar flow rate, 
similar "respiration'* rate, similar CO2 percentage, and similar i^C02/^2C02 ratio. 
=P The checks performed are of instrument calibration, hardware, software, 

5 pneumatics and mechanics. There may be two levels associated with each system 

check - validation and correction. The former confirms that the system is 
functioning as specified, and the latter corrects readings in accordance with the 
results of the diagnostic system output. Alternatively and preferably, if the 
system check procedures identify the need for calibration, the calibration may be 
performed at a later time. 

Furthermore, the checks may be performed by means of an Intemet 
connection with a central service center, either for on-line diagnostic assistance, 
or on a periodic basis for routine service checks and maintenance. 
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2.1 Processing system self-check 

The system incorporates a self-checking facility, operating in a watchdog 
mode to ensure correct operation of the processing software and hardware. This 
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facility consists of a secondary microprocessor, with its own associated software 
distinct from the main instrument software. The main system microprocessor 
generates at regular intervals, a predefmed synthesized output sequence. The 
secondary microprocessor analyses this sequence, and if any deviations from the 
predefined fomi are detected, the watchdog system issues a warning and closes 
down the main processor. The PC is then restarted under the control of the 
secondary processor, and the reason for the malftuiction investigated. 

2.2 Hardware self-check 

The complete mstniment performs a self check of its hardware, and the 
software directly involved in operating the hardware. Some of these checks 
require the use of a known charge of gas in the reference and absorption 
chambers. Others check the functioning of components of the hardware which 
operate independentiy of the specific measurement being made, and therefore do 
not require the presence of a calibration gas sample. 

Approximately sixty parameters are used to characterize the operation of 
the system. Some of them are monitored continuously during operation of the 
system, as a real time diagnostic facility. Most of them are monitored only 
between tests, or when die instrument switches from die stand-by mode to the 
ready mode. Of the sixty or so parameters, 16 are defined as being critical 
parameters, and divergence from predetermined allowed values results in 
interroption in the use of the systeuL Amongst the critical parameters are: 

(a) Light source stability as a function of time 

(b) Reference cell absorption check 

(c) Operation of the shutter between reference and sample chaimels 

(d) Input capnograph operation 

(e) Intermediate chamber operation - pneumatics and electronics 

(f) Feasibility check on values of 5 obtained (e.g. negative values, or values with 
large changes Jietween subsequent breath s ac tuate the criti cal paramete r flag ) 
The component parts of the system with which tiiese parameters are associated 
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are shown in Figs. 1 and 2, and in more detail in PCT Publication No. 
W099/14576, from which Figs. 1 and 2 are adapted. 

To illustrate the use of the critical parameters, the test for light source 
stability is described in more detail. Oh initial switch on^ the lamp intensity I, as 
conveyed by an optical fiber from the lamp to a detector, is monitored in the 
reference channel, in order to determine die lamp stability on warm up. As soon 
as the time differential of the intensity, dl/dt falls below a predefined level, Ae 
lamp is considered to be stable, and an enable signal is output to the instrument 
control. If the desired stability level is not reached, the instrument waits for a 
predetermined time for stability to be attained. After the elapse of this time 
period, a request for lamp maintenance is displayed, and the instrument is not 
=P enabled for operation. Similarly, if during operation, dl/dt rises above the 

m 

predefined level, a disable signal is given to the instrument. 
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3. System calibration 

The breath test instrument is capable of performing four levels of 
calibrations, which are operative to ensure that measured differences in isotopic 
ratios are accurate on an absolute level. These cahbration procedures operate by 
amending the absorption curve parameters used in the gas analyzer for converting 
optical transmissions into gas concentrations. In diis way, they compensate for 
drifts in the absorption curves, whether due to enviromnental changes, or to 
instrumental component changes. Changes in these absorption curves are the 
most common cause of incorrect calibration in such breath tester instrumentation. 
These calibrations operate at the software level, within the routines concerned 
with converting series of optical absorption measurements into isotopic ratio 
differences. In this respect, they are to be distinguished from the calibration 
checking procedures described extensively heremabove, which check Ae 
absolute accuracy of isotopic ratios measured, by the use of gases wifli known 
isotopic ratios. 

The four levels of calibration are denoted: 
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3.1 Soft calibration 

3.2 Self-calibration 

3.3 Patient calibration 

3.4 Service calibration 

The first three of these calibration procedures involve no operator or 
patient intervention, and operate automatically and continually vsdthout being 
requested: Furthermore, tiie first three of tiiese test procedures, and even one 
embodiment of the service calibration procedure, are unlike any prior art gas 
analyzer calibration procedures, in that they use the subject's own breaths, both in 
order to determine whether calibration is necessary, and in order to perform the 
recalibration procedure itself Procedures are known wherein a sample bag of 
breatii provided by the operator or nurse is used as the calibration gas sample, but 
such a sample is like any unknown, externally provided calibration gas, and 
certainly requires operator initiation and intervention. 

In addition, the first of these calibration procedures is an ongoing process, 
operating continually in the background. As a result, trends in the mstrument 
calibration can be better identified than is possible using any external calibration 
which relies on a procedure performed at a specific point in time, which may, by 
chance, fall at a moment when a temporary change or an atypical event occurs in 
the instrument 

A second embodiment of die service calibration procedure indeed utilizes 
an externally provided gas sample or samples for its calibration procedure. All of 
the calibration procedures described, except the soft calibration, are based on die 
measurement of the relationship between the isotopic ratios measured in gas 
samples of different CO2 concentration derived firom samples of gas with the 
same isotopic ratio. 

3.1 Soft calibration 

This calibration is purely software based, and operates continuously in tiie 
background of the system, without requiring patient or operator intervention or 
involvement. This procedure continually monitors the results of breath sasnple 
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analyses obtained from subjects with results close to the baseline. For instance, 
for the H. pylori breath test, tfiis means subjects who proved negative. According 
to a preferred embodiment, the system software monitors the results of all of the 
patients tested over the last 2 to 3 days who showed negative response to the 
breath test The measurement points used for this test are tihiose obtained for die 
baseline measurement taken before the ingestion of the isotopic labeled substrate, 
and those obtained after the cessation of any oral activity which arises from 
possible interactions of the labeled substrate with bacteria present within the oral 
cavity. 

^ Each of these negative patients provides breath samples, each generally 

tS. having a somewhat different and random level of CO2 concentration, such that 

=P each absorption measurement is performed at a slightly different point on the 

fU 

SI absorption curve. Preferably, breath samples with CO2 concentrations of from 

ll 2.3% to 2.7% are used, so that deviation of the absorption curve is checked over 

a range of values instead of at one point only. 

This is in contrast to the routine measurement procedure, where the use of 
a constant concentration within each test is an important feature in the reduction 
of the sensitivity of measurement accuracy to the state of the instrument 
calibration. So long as all of die absorption measurements in one test are 
performed at one concentration level, any drifts in the isotopic absorption curves 
affect, to first order, all of the measurements equally, such that any lack of 
calibration thus becomes a second order effect. There may indeed be an error in 
the ratio measurement *^C02/^^C02 because of change in the absorption curve, 
but the error appears equally in all of the measurements, and thus does not affect, 
to first order, the changes in ratio detected. 

In the soft calibration procedure, all of the samples tested from a single 
negative patient should, witiiin the noise limits of the measurement, have the 
same isotopic ratio, despite their having different concentrations. It however, the 
ratios measured are not the same, but show a coirelation with the sample CO2 
concentration, this is symptomatic of a change in the absoiption curve from its 
correctly calibrated value. The "soft calibration" method then applies a correction 
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to the shape or position of the absorption curve, to bring the instrument back into 
calibration, which is indicated by a lack of correlation between the isotopic ratios 
and concentrations. The way in which tiie correction is performed is explained 
hereinbelow. After correction of the shape of the absorption curve, the data of all 
of the negative patients over the past 2-3 days is again checked for correlation 
between concentration and isotopic ratio, to confirm that the recalibration 
procedure was successful, which is indicated by a reduction in tiie aggregate 
correlation level for all of the data. Since fliis calibration procedure operates 
continually in the background, it maintains a constant state of recalibration of the 
instniment with respect to shifts of the absorption curve in, the operating 
concentration range. 

If, for a soft calibration procedure for a particular patient, no significant 
correlation between difiering measured isotopic ratios and the concentrations is 
found, then the system is considered to be correctly calibrated, and no adjustment 
to the absorption curve parameters is made at that point. 

In addition to correlation between isotopic ratio and concentration, the soft 
calibration process can be programmed to inspect for correlation between 
isotopic ratio and any other fimction which could affect the calibration of the 
instrument. Among such functions are environmental conditions, such as tiie 
temperature present widiin the instrument, which has a noticeable effect on the 
absorption curves. 

3.2 Self-calibration 

This procedure, like the soft-calibration, also operates automatically 
without operator or patient involvement. Unlike the soft-calibration procedure, 
however, it involves both the instrument hardware and the processing software. 
The procedure commences at the conclusion of a breath test if two conditions are 
fulfilled: 

(i) that the patient tested showed a negative result, and 

(ii) that the total percentage of carbon dioxide in the patient's alveolar 
breath was reasonably high, preferably 4% or more. 
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The intennediate chamber operation is adjusted to provide a single accximulated 
sample with a high CO2 concentration, e.g. 3.5%, such as would be obtained by 
collection of alveolar breath only. This sample is measured for isotopic ratio, and 
is then diluted down by the intennediate chamber system to provide preferably 
two additional samples with lower concentrations, such as 3%, 2^, each of 
which too is measured for isotopic ratio. 

In order to provide more points for making the calibration assessment, the 
self-calibration procedure also preferably uses the results of data obtained at 
around the preferred operating point of the absorption curve, taken from the 
patient's previous breaths. A total of five points is preferably used, three derived 



"0 from the high concentration single sample and its diluted derivatives, and two 

^ more from previous negative breatfis taken diuing the test. The object of this 

Si spread of sample concentrations is to cover as large a part of the concentration 

m range of the absoiption curve as possible. 

^ The isotopic ratio is checked at each of the five concentrations. Since each 

£ of the samples originates either from the same accumulated brea& sample, or 

f from odier breaths taken from ihe same negative patient close in time to the 

O 

Q collection of the accumulated breath sample, the measured isotopic ratios should 

be identical. Any divergence is indicative of a drift in the absorption curve, as 
described above, and the recalibration procedure is thus initiated to eliminate this 
correlation of isotopic ratio and concentration. 

Since this self-cahbration procedure takes place after the completion of the 
breath test, such as for instance, when the next patient is being readied for his 
test, it does not require virtually any additional instrument dead time. 



3.3 Patient calibration 

In a situation where the instrument is not in continuous use, or has not 
been used for .a period of time, or if .the initial system check detects a need for an 
immediate calibration, the system automatically initiates the performance of a 
patient calibration procedure. In this procedure, the first several breaths of the 
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patient, before administration of the labeled substrate, are collected and diluted 
down by means of the intennediate chamber, to provide a number of successive 
samples of different concentration. Each of these samples should have the same 
isotopic ratio, since they are all taken jfrom a single patient and at the baseline 
level. The calibration procedure then adjusts the absorption curves, as previously, 
until the ratios obtained from the samples of different concentration are all the 
same. A preferred criterion for determining whetfier recalibration is required is 
that, for example, the isotopic ratio should vary by less than 38 (i.e. less than 30 
ppm) for changes in CO2 concentration of from 3% to 1.5%. 

Since this procedure lengthens the time during which the patient has to 
supply breath samples, it is less desirable from the point of view of patient 
tolerance than the self or soft-calibration procedures, but apart from the slighdy 
lengthened sampling time, it too does not involve any conscious patient or 
operator involvement. 

With any of the three above-mentioned calibration procedures, there exists 
the possibility, according to ftirther preferred embodiments of the present 
invention, of correcting the results of tests performed in the past, using the newly 
fo\md calibration data. If, for instance, the test results show a strong correlation 
between ratio measured and concentrations, and the calibration calculation 
procedure applies a correction to the absorption curve, it is possible to me this 
correction not only for fiiture measurements, but also to correct past 
measurements. 

If, the lack of correlation is revealed at the conclusion of a certain test, but 
the data available from that test is insufficient to perform a complete calibration, 
or if the breaths available from that test do not cover a full enough range, then the 
system can recoimnend the performance of a patient calibration procedure in 
order to accimxulate sufficient accurate data for performing a retroactive 
calculation of the results of that test. According to this preferred embodiment, 
the patient need only give a few more breaths at the conclusion of his test, and 
can tiien be released. 
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3.4 Service or operator calibration 

This is similar to the patient calibration procediire, except that it is 
technician or operator initiated when the need to perform caUbration becomes 
apparent, or is mandated by external causes, such as following service, or after 
expiry of the maximum inter-calibration period required to maintain die 
instrument in accurate condition. In fliis procedure, the gas used can be either 
operator breath samples, by means of a method as previously described, or an 
external container of a calibration gas, such as is included within the periodic 
system calibration check kit described in the section on the system calibration 
check hereinabove. 
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3.5 Calibration Correction Method 

RecaUbration is required when the physical parameters of the gas analyzer 
undergo change such that the absorption curves differ from those which existed 
when the instrument was last calibrated. The significance of this is that the 
function which correlates the absorption cell transn[iittance to tiie detected gas 
concentration has changed. In this situation, recalibration is achieved by applying 
a correction to the absorption curves to bring them back to their correct form, 
such that a specific detected intensity is eqmvalent to a given gas concentration. 
This recalibration process is accomphshed by means of the calibration correction 
method, whose stages are now described. The description is first given for a fiill 
hardware-involved calibration, such as the self, patient or service calibrations, 
and then for the soft caUbration, which is a software-only procedure. 

3.5.1 Regular calibration procedure 

Reference is now made to Fig. 22, which is a schematic flow diagram of 
the main steps of the calibration procedure. The input data for the procedure are a 
series of ^^COj toransmittances {Ti2}i_400, and a series of ^^C02 transnuttances { 
Tisli 401, known from measurements of different samples of the same gas, each 
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sample having a different concentration C12. Since all of these measurements 
come from the same gas sample, the isotopic ratio for all of the concentratitons 
should be constant. 

For each value of Ti3 , the value of the equivalent concentration C13 is 
known by fitting the values T13 to the given C13 absorption curve T13 = F13 (C13), 
as shown at step 402. 

It is now assumed that within the operating range of CO2 concentrations 
used, the absoiption curves for both isotopes T(c) can be described with good 
accuracy by a single exponent of the form: 

T(c) = yn -I- A exp(-c/t) , where 

T(c) is the transmission as a function of the concentration c, and yo, A and t are 

&e parameters which define the absorption curve. 

Furthermore, it is found empirically that the ^^C02 absorption curve is 
significantiy more stable than the ^^COj absorption curve, and that its parameters 
yi3, Ai3 and tis can be coiisidered to be essentially independent of changes in 
environmental conditions. The *^C02 absorption curve is therefore regarded as a 
fixed function. 

The calibration procedure consists of the following steps: 

1. At 402, the measiired { Ti3}i values are inserted into the known *^C02 
absorption curve, to obtain a series of { Cish values, where C13 fSsCTis). 

2. A series of the unknown {Ci2}i can then be created at step 404, by using 
the isotopic ratio R, C12 = Cis/R. The value of R used can be approxunated, 
witiiout loss of effectiveness of the convergence of the calibration process used, 
by the natural isotopic ratio, R = (C13/ Ci2)natural 

3. At step 406, the new generated values of {Ci2}i and the initial values of 
{Ti2}i, are used to determine new parameters yi2, A12 and ti2, which more 
accurately characterize the current status of the C12 absorption curve. This can be 
preferably done by means of a best fit calculation, such as the "minimimi of mean 
squared error" method, as is well known in the art. 



4. A series of corrected transmittance values {Ti2c}i 408 are obtained by 
insertion of the new generated values for {Ci2}i into the new C12 absorption 
curve. As expected from die method by which these corrected transmittance 
values were calculated, a constant isotopic concentration ratio R, is now 
obtained, as required. 

5. At step 410, the differences between the initial input transmittance values 
{ Ti2}i and the new corrected transmittance values { Ti2c}i are calculated, and 
for each concentration { Ci2}i , a normalized error diflference A T12 = (Ti2c- T12) / 
T12 is obtained. A series of diese values, {A T|2}i , is thus obtained 

S 6. At step 412, a best fit polynomial, A T12 = P(Ci3) is generated, using the 

Ui 

M new values of {ATi2}i and the known values of { Cnli The order of the 

ftl 

H polynomial depends on the number of concentrations used as input data, and is 

^ typically of order 3 to 5. 

%^ The result of the above calibration procedure is that a new absorption 

£ curve is obtained for calculating die C12 concentrations. Using this polynomial, 

%j 

=P each newlv measured value of T^ is therefore corrected to a more accurate value. 

P 

S The new correction function A T12 = P(Ci3), by virtue of the way m which it was 

derived, ensures that a zero delta value is obtained between samples of gas with 
different concentrations but wifli the same isotopic ratio. 

According to another preferred embodiment of the calibration procedure, 
it is possible to use an abbreviated calculation method, wherein the value of the 
correction polynomial P(Ci3) is changed directiy, using the values of C13 obtained 
from tiie *^C02 absorption curve, instead of generating a new C12 absorption 
curve. According to tiiis method, step 406 in Fig. 22 is by-passed, and the 
assumption is made that die *^C02 absorption curve too is fixed, like the ^^C02 
curve. The advantage of using the ftdl calculation procedure, however, as 
described hereinabove, is that a clearer physical picture of what is changing can 
be obtained if the changes in the C12 absorption curve are followed. 



3.5.2 Soft Calibration procedure 

The Soft calibration differs from a full calibration in that wdy the 
correction polynomial ftmction A Tn = P(C,3) is optimized. The parameters of 
the absorption curves for C13 and C12 remain untouched. 

12 

This procedure requires the input of a historic senes of COj 
transmittances { Ti2}i and '"CO^ transmittances { T,3}i from tests with negative 
results, from samples taken either before the ingestion of the labeled substrate 
(baseline results) or after the subsidence of any oral activity. The transmittances 
_ are grouped by the test from which they were obtained. 

% The procedure includes steps similar to those used for the regular 

calibration described above, as follows: 
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y 1 Using the current C13, C12 absorption curves and the last known correction 

polynomial, the deltas and concentrations for the input transmittances are 

r calculated, and the correlation between the {C,3 }i concentrations and the deltas is 

Q 

=P determined. 

% 2. A series of { Ci2c}i >s created by inserting the values of { Ci3}i into the 

relationship C12 = C,3/R, where R is constant and can be set equal to the natural 
ratio. 

3. The C,2 absoiption curve and { Ci2c}i are used to find a series of 
corrected transmittance values {T C,2>i, where T,2c = F,2(Ci2c). These are the 
transmittances needed in order to obtain a constant R ratio. 

4. A series of nonnaUzed differences {AT,2}i between the input 
transmittances { Ti2}i and corrected transmittances { Ti2c}i are created, where: 
A T12 = (Ti2c " Ti2y T12 

5. Using {A T,2}i and { C,3}i . a best fit polynomial A T,2 = P(C,3) is 
created, of order 3 to 5 depending on the number of concentrations used as input 
data. 

6. Using the current C13, C,2 absorption curves and the new correction 
polynomial, the agw deltas and new concentrations are determined for the 




corrected input transmittances, and correlation between these new concentrations 
and new deltas is determined. 

7. If, using tbe new P(C|3) correction polynomial, the correlation between 
the new concentrations and the new deltas is reduced, the old polynomial is 
replaced with new one. 

If flie soft calibration procedure was successful, the result is a lower value 
of correlation between deltas and concentrations. Since the soft calibration 
operates continuously, adding to the database every new set of negative data 
obtained, there is need to perform mor€ dian a single iterative calibration cycle. 
So long as the correlation is reduced, flie use of the new correction polynomial 
ensures that the soft calibration is operating in the correct manner, and that the 
correlation errors continuously converge. 

4. Input Capnograph Calibration 

In addition to the above mentioned calibration tests of tiie accuracy of the 
overall instrument operation, a specific test for the calibration of the 
capnographic probe at the input to the instrument is also performed. The 
capnographic probe measures the input breath waveform so that those parts of the 
waveform which are to be collected or rejected can be correctly defined. Since a 
capnograph does not have Ae same high measurement accuracy as the breath 
tester, a procedure using the results of the breath test measurement which are 
highly accurate, is used to calibrate the input capnograph. 

The CO2 capnographic probe at tiie entrance to the system provides a 
measure of tiie CO2 concentration. The concentration of the content of the 
accumulated sample at the end of the filling process is estimated by integration of 
the capnographically measured concentrations of all of the breath waveform parts 
collected by the intermediate chamber system. The accuracy of this measurement 
is dependent on the form of the capnograph's absorption curve, which may have 
changed because of operating conditions. The concentration of the content of this 
accumulated sample is now measured in the gas analyzer sample chamber, where 
a highly accurate measure of the concentration is obtained. This is then used to 
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correct the absorption curve of the capnograph for the actual environmental 
conditions existent in flie system, by correcting the CO2 probe calibration, so that 
the estimated bag concentration is made equal to the measured concentration. 

Patient Preparation and Test Procedure 

1. Patient preparation 

Prior to appUcation of breath tests, during the patient history intake, it is 
advisable and is common practice that the physician should note details about 
any medications taken by Hie patient, which co-il d interfere with the results of the 
test In particular, the patient is typically asked according to the methods of the 
I prior art. whether he has been taking any antibiotic or other therapeutic drug 

recently, since these drugs may affect the results of the breath test, depending on 
S what specific breath test is being performed. Some of the prior art describes 

S breath test methods which use two measurement points, based on a single bag of 

i breath samples collected before ingestion, and a single bag thereafter, or at best, 

I fliree measurement points, based on one sample bag before, and two sample bags 

S collected at different times after substrate ingestion. Using these melhods, in 

order to avoid the danger of false negative results, a time interval of a number of 
weeks is typically recommended between the cessation of the takitig of antibiotic 
or other specific gastro-intestinal therapeutic drugs and the execution of the 
breath test. For example, operating recommendations given by Alimenterics Inc., 
of Morris Plains, NJ, the manufacturers of the LARA (Laser Assisted Ratio 
Analyzer) system for the detection of Helicobacter Pylori in the upper 
gastro-intestinal tract, suggest that the taking of antimicrobials, omeprazole (a 
proton pump inhibitor) and bismuth preparations within 4 weeks prior to 
performing tiieir breath test, may lead to false negative results 

The reason for this recommended abstinence period is tiiat die drug may 
significantly affect the. physiological dynamics of the appearance of the isotope 
labeled component in tiie patient's exhaled breath, due to suppression of ihe 
bacteria responsible for the mechanism giving rise to the elevated isotopic ratio. 
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According to such prior art methods, this may result in a misdiagnosed result, 
particularly a false negative result because of the reduced reaction level, or 
because of the delayed physiological response dynamics, and hence arises the 
need to question the reliability of breath tests performed within a specified time 
of such drug therapy. 

According to preferred embodiments of tiie metiiod of the present 
invention, the use of multi-sample, on-line, virtually continuous monitoring of the 
isotopic ratio in the exhaled breath described in tiie present application, as 
opposed to tiie prior art methods of measuring one, or at most two discrete 
samples following ingestion of the labeled substrate, enables most changes in the 
patient response to be more easily detected. Unlike the prior art methods, 
according to the preferred methods of the present invention, the breath test for H. 
pylori can thus be performed with an acceptable rate of specificity and 
smsitivity, even when tiie patient is currentiy undergoing PPI therapy for the 
treatment of gastric problems, or antibiotic or other treatment for the eradication 
of the H. pylori infestation. At worst, the knowledge that the subject has 
undergone such tiierapy in the period immediately preceding the test, can be used 
by the physician to assign a somewhat lower "Level of Confidence" parameter to 
the results, but need not lead to any effective change in their significance. 

Furthennore, according to most of the recomonended procedures according 
to prior art breath tests, the patient is advised to fast for a period typically of 
several hours before the breath test, to eliminate the efifects of changes in isotopic 
ratio arising fi-om particular food intake. It is known, for instance, that diets high 
in maize content result in a higher baseline '^COa isotopic ratio than otherwise. 
Because of the short time required to perform the breath test according to the 
present invention, there is no need for the patient to fast prior to the test, since 
any changes in isotopic ratio resulting from particular food intake typically occiu- 
at a considerably slower rate than changes measured in the breath test due to 
pylori activity. This advantage may be enhanced by the ability of the present 
invention to monitor changes in the isotopic ratio measured virtually 
continuously, dius countering the effects of possible different dynamic response 



to the virea because of uncertainty as to the time from the patient's last food 
intake. In addition, there is evidence pointing to the fact that d\e ingestion of a 
meal results in the covering of part of the stomach lining, such that the H. pylori 
activity is reduced. Even if this is the situation, the ability of the present 
invention to virtually continuously monitor changes in the isotopic ratio enables 
more abstause changes in isotopic ratios to be detected, and thus provides a 
higher level of confidence to the measurement than other prior art methods. 

Reference is now made to Figs. 23A - 23E, which show situations vAach 
typically arise during the execution of breath tests, which, according to the prior 
£3 art methods of discrete breath sample collection and analysis, may have been 

S misdiagnosed as giving false positive or false negative results. The use of the 

f, virtually continuous methods of sampling and analysis according to further 

%^ preferred embodiments of tiie present invention, enable these cases to be 

^ correcdy diagnosed. 

U In Fig. 23A is shown a plot of an isotopic ratio which is increasing very 

5 slowly, but monotonically. This kind of response can arise when, for instance, 

£ die test is performed on a subject too somi after food intake. The absorption of 

O the marked substrate from a full stomach is considerably slower than otherwise, 

and tiiere is also a strong dihition effect from the other stomach contents. 
Consequently, even if tiie subject is definitely positive, the result may be a slow 
rise in the resulting isotopic ratio. The same effect may be seen in a subject with 
a poor level of gastric absorption, or in a subject undergoing drug therapy for 
treatment or eradication of the disease or bacteria being tested for. 

According to the prior art metiiods of collecting a single or at most two 
sample bags at predefined times after ingestion of the marked substirate, at tiiose 
times, ti and Xz, the isotopic ratio has not reached the upper threshold level, T/H, 
the crossing of which would be determined as indicatiflg a positive result. As is 
seen, even a considerable time after t2, the threshold level is still barely crossed, 
or may not have been crossed at all, long after the termination of tiie breatii test 
according to all of the usually accepted protocols. This subject would tims have 
been detecnuned to be negative. 
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According to the methods of the present invention, however, the abiUty of 
the breath tester to virtually constantly coUect and monitor a plurality of breath 
samples, enables the analysis software of the breath tester to detect the 
continuous rise in isotopic ratio, and such a subject would thus be more correctly 
diagnosed as being positive. The use of this method therefore allows more 
reliable breath testing to be perfbimed. Furfliennore, it enables the breath tests to 
be performed more reUably without the need of pre-test fasting, and on subjects 
undergoing drug therapy for the treatment or eradication of the clinical state or 
bacteria being tested for. Furthermore, it allows a result to be obtained earUer 
than by the prior art, discrete sample bag methods. 

Reference is now made to Fig. 23B, which shows an example of the plot 
of a breath test of a subject who has a condition which results in an unstable level 
of metabolized substrate, and hence of isotopic ratio of his exhaled breaths, but 
who does not show the clinical symptoms of the condition being sought for in the 
breath test. According to some prior art methods, if a sample bag were, by 
chance, to be coUected for analysis at point ti in time, the subject would be 
diagnosed as positive. Use of the methods according to the present invention, 
would however, result in a correct negative result, since no definite rising trend is 
detected. 

Reference is now made to Fig. 23C. which shows a situation in which the 
isotopic ratio rises fairly rapidly to over the threshold level T/H, but then reaches 
a steady plateau level just above the threshold. Such a physiological outcome 
would be determined as being positive according to a single point prior art test 
perfonned at point t,, yet would be correctly interpreted as negative by the 
analysis methods used in the present invention. 

Finally, reference is made to Fig. 23D, which shows a plot 450 of flie 
result of a breath test, which would initially be interpreted as giving a positive 
result, whether by a prior ait discrete bag collection method, at time ti, or by the 
methods of the., present invention using virtually continuous collection and 
analysis of isotopic ratios. However, on the same graph are plotted the values 452 
of the carbon dioxide concentration of the samples measured at each point in time 
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on the graph It is observed that the concentrations show a strong correlation with 
the ratios measured at each point in time. 

According to the methods of the present invention, the correlation of the 
concentrations with the isotopic ratios would be detected by one of the self 
diagnostic routines operating within the instrument, as arising from an incorrect 
calibration state of the gas analyzer, probably as a result of a shift in one of the 
absorption curves. A patient calibration procedure would then be performed, to 
correct Ae parameters of the absorption curves so as to reduce the correlation 
discovered, and the results of the test recalculated retroactively, using the original 
3 data with the newlv calculated absorption curves. Fig. 23E shows the result of 

this recalculation procedure after the calibration. As is observed, the isotopic 
ratio is now seen to be low and undulating, and the result of tihe test is shown in 
fact to be negative. 
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2. Substrate preparation and administration 

According to further preferred embodiments of the present invention, a 
procedure is practiced for the administration of the marker substrate. This is 
described in terms of the method used for the breath test for the detection of H. 
pylori, where lurea is used as an isotopically labeled substrate. The current state 
of practice of this procedure is well docxmiented in a number of recent published 
patent applications, such as WO 98/21579 to A. Beceiro de Bengoa Vallejo, 
entitled "Method and kit for detecting Helicobacter pylorr and WO 96/14091 to 
C. Nystrom et al, entitled "Diagnostic preparation for detection of Helicobacter 
pylorf* both hereby incorporated by reference, each in its entirely. 

It is known in fte art, such as in flie above mentioned deBengoa Vallejo 
PCT Application, that m order to detect the activity ofH. pylori in as efficient a 
manner as possible, the pH value of the stomach antrum should be maintained at 
its natural acidic level, in which environment the H. pylori continues its urease 
activity undisturbed. This can be preferably achieved by giving the patient before 
administration of the urea, a drink of approximately 200 ml of aqueous ciliic acid 
solution, with a pH of 2 to 2.5, instead of the water used in the earliest breatii 
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tests. In the article entitled "Citric Acid as the Test Meal for the ^^C-Urea Breath 
Tesf by D.Y. Graham et al., published in The American Journal of 
Gastroenterology, Vol. 94, pp. 1214-1217, May 1999, there is described the 
results of breath tests performed on patients after taking citric acid solutions. 
Results on positive patients were obtained significantly more quickly using 4 
grams of citric acid than using only 1 gram or plain water. The use of citric acid 
has three more added known advantages - firstly citric acid delays gastric 
emptying, thereby keeping the fiill amount of urea in the stomach for a longer 
period, secondly, citric acid assists in counteracting the effects of on-going P.P.I. 
^ therapy, as given to a large number of candidates for the H, pylori detection 

W breath test, and thirdly, citric acid diminishes the activity of oral bacteria, which 

are known to cause interference with the breath test. 
^ The known procedure is, therefore, to give the patient a drink of 

approximately 200 ml of dilute citric acid, before or with the administration of 
the urea. Since the stability of urea in solution cannot always be guaranteed for 
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P long periods, the generally accepted procedure is to provide the urea m powder or 

tablet form, which is then dissolved in water, and given as a drink. 

According to a prefeixed embodiment of flic method of the present 
invention, the urea is provided in the form of a tablet, which is dissolved directly 
in the citric acid solution, which is then drunk, or taken by means of a straw. The 
use of a straw ensures that the urea has minimal contact with the oral cavity, such 
that the efiTect of oral bacteria is reduced. This procedure has a number of 
advantages. Firstly, the use of a pill rather than powder is simpler to package and 
use. Secondly, the use of a pill makes it clear that all of the urea has dissolved, 
and therefore, that the whole of the dose is active immediately on ingestion- 
Thirdly, for some tablet structures, the urea dissolves more readily in the citric 
acid solution than it does in water. For example, a tablet composed of 50% urea 
and 50% sodium chloride, with silicate binders and cellulose disintegration 
agents dissolve completely in a citric acid solution in almost half the time 
required for dissolution in water, 4 minutes as opposed to almost 8 minutes. 
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3. Kit identification 

The breath tester instrument according to the present invention can be 
used for a number of different tests, some of which are described in the 
"Background" section of this application, and even more in the PCT Publication 
No. WO 99/12471, mentioned in the background section. Each test uses its own 
specific kit of isotopically labeled substrate, and possible accompanying solution 
components, such as the urea and citric acid used in the breath test for the 
diagnosis of Helicobacter Pylori in die upper GI tract Since each test procedure 
may also have its own specific test protocol, in terms of elapsed time and 
detection levels for the gas being detected, it is important that a means be 
provided for ensuring that the correct kit is being used for the selected breath test, 
and vice versa. Furthermore, the quantity of substrate and accompanying solvent 
used can be made dependent on the age, weight, medical history, or even ethnic 
or geographic origin of the patient, and the breath test parameters are adjusted 
accordingly. Finally, the pharmaceutical lifetimes of some of the active materials 
in the kits may be limited, so that it is important to warn the user, or even to 
disable the instrument, if an attempt is made to use a kit with an expired usage 
date. 

According to a fiirther preferred embodiment of the present invention, the 
materials for each individual breath test are supplied in a kit together with the 
disposable oral/nasal cannula or other breath conveyance tube used in performing 
the test, hi the co-pending U.S. Patent Application, No. 08/961013, "Fluid 
Analyzer with Tube Connector Verifier^, by some of the inventors of the present 
application, and hereby incorporated by reference, there is disclosed a tube 
connection verifier, which is operative to ensure that the correct tube is being 
used for the test being performed by the analyzing instrument, and that the 
connector is attached correctiy. According to this embodiment of the present 
invention, the connector of the oral/nasal cannula or equivalent, can be coded 
with an identification code which contains information about which materialsare 
contained in tiie kit together with that cannula, their quantity, and their date of 
expiry. Means are provided on the connector of the breath tester instrument, to 



read tiie infonnation thus provided when the oral/nasal cannula or equivalent is 
connected to the instrument. These means can include one or more of optical, 
electronic, magnetic or mechanical means, including bar code scanning, digital 
impulses or any similarly effective means. The communication can be either 
automatic when the connector of the cannula or equivalent is plugged into the 
breath tester, the data being automatically input to the instrument, or it can be 
actuated in an interrogation mode when flie operator keys into the instrument the 
test details. 

Altematively and preferably, a tracer or marker material is added to the 
^ materials in the breath test kit, and means are provided in the instrument for 

tfl detecting the marker. According to this preferred embodiment, any of the 

fU contents, quantity and expiry date of the breath test material can be automatically 



identified by the breath test instrument, even if use is not made of a cannula with 
the relevant coded material information, such as those provided in the kit. 
§ According to a further preferred embodiment of the present invention, a 

O marker added to the substrate m the breath test kit can be used to initiate tiie 

w analysis of the breaths collected. According to this embodiment, a substance such 

^ as labeled glucose is added to the substrate, the substance being very rapidly 

absorbed by die stomach into the blood stream, and its metabolic by-products 
appearing very shortly fliereafler in the subject's exhaled breath. The detection by 
the instrument of the labeled marker by-product from the glucose can be used as 
a signal that the substrate has been ingested, that its absorption in the stomach 
has commenced, and that it has followed the complete metabolic pathway of the 
physiological effect being investigated, but being immune to the particular 
disease, bacteria or physiological malfunction being sought, appears 
independendy of the presence of that disease or malfunction. This signal is used 
to issue a command to the instnunent control system to commence analysis of 
collected breath samples for the specific by-product of the test being performed. 
The use of this method is particularly advantageous with breath tests which 
extend over a long time, since the marker provides a signal as to when to expect 
the commencement of the appearance of the substrate by-products. 
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According to other preferred embodiments of the present invention, as an 
alternative to a solid such as glucose, a gas can be incorporated into the substrate, 
the gas being released on dissolution of the substrate in the gastric juices, and 
detected directly in die breath without the need to perform the complete circuit 
of absorption, metabolism and pulmonary exhalation. As an alternative, the gas 
can be produced from a parent material which generates the marker gas on 
contact with the gastric acids. 

In all of fliese embodiments en^)loying marker materials, whether 
incorporating a gas, or resulting in a direct or an indirect gaseous by-product, if 
the gas is identical to the gas to be detected in the specific breath test, it is 
important that the effects of the marker gas be short term, so as not to interfere 
widi the detection of the true by-products of the breath test. 

Analysis of breath test results 



I" In the above-mentioned PCT Publication No. W099/12471, entitled 

S "Breafli Test Analyzer", by some of the inventors in the present application, there 

^ is disclosed a method whereby the breath test is terminated at a time determined 

by the results of the test itself This is similar to the method disclosed 
hereinabove, whereby the method of virtually continuous collection and analysis 
of breath samples enables the instrument to determine that a clinically significant 
outcome has been obtained in accordance with the ongoing results of the test, 
such that the outcome of the test can be obtained earlier than by means of a 
sampling method using only a single or two discrete sampling points, as in most 
of the prior art. According to a further embodiment of the present invention, the 
breath test instrument is equipped with signaling means for indicating to the 
operator that the test may be concluded, since a clinically significant result has 
been obtained. The signal may preferably and alternatively be visual, by means of 
one or more indicator lights, or audible, by means of tones, or by any other 
suitable real time indicating method or device. In Fig. 15, are shown on the firont 
panel of the breadi test instrument 210, two alternative embodiments for 



signaling to the operator that a meaningful result has been obtained, one in the 
form of an indicator lamp 231 and the other a loudspeaker 233. According to a 
furthe rembodiment of the present invention, different signals may be used for 
indicating different outcomes of the test, such as different colored light outputs, 
or different tones, for indicating whether the outcome of the test is positive or 
negative. 

According to further preferred embodiments of the present invention, there 
are provided a number of methods used in calculating the results of the gas 
analyses, such that a decision about the results of the breatii test are obtained at 
fn an earlier time, or with more certainty than by prior art methods. 
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(a) Oral activity determination 

N One of the advantages of the virtually continuous analyzing of samples, 

... 

W according to the present invention, is that it becomes possible to differentiate 

O between the effects of oral bacterial activity, arising from the direct effect on the 

K substrate of bacteria in the oral, nasal or laryngetic passages, and true gastnc 

£ effects. When only a single, ox at most, a two point measurement after substrate 

5 ingestion is made, as in most of the prior art methods, it may be difficult to 

determine with certainty whether an elevated isotopic CO2 ratio is due to a rise in 
the isotopic CO2 ratio from a gastric interaction, or whether it is the fall of the 
isotopic CO2 ratio from flie tail-end of oral activity. This may result in a 
percentage of fa^se positive results. 

With the effectively continuous monitoring of the isotopic ratio according 
to the present invention, a method of calculation can be used which determines 
whether the isotopic ratio is on a rising or a falling trend, thus discriminating 
between a true positive gastric result, and the fall-off of oral activity. The method 
involves plotting the results from the commencement of the test, such that the 
detection of the characteristic rise and fall of oral activity is completely clear. 
According to_ a preferred embodiment of the present invention, a response is 
regarded as resulting from oral activity, and is therefore ignored, if a 
characteristic peak of the DoB is detected, in tfie form of a rising and falling 
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value, exceeding a lower threshold value, and returning to below it, all witiiin a 
time which is clearly less than the time taken to detect the effects of the true 
physiological effect being sought after in Ae breath test. For the breath test for 
H.Pylori, a ^ical time frame for die completion of any oral activity is of the 
order of 8 minutes from mgestion of die labded substrate. Typical values of die 
oral activity peak are a rise to about 105, togedier with a consequent fall of at 
least 55 from the peak value, all widun a time of 4 to 8 minutes from the 
ingestion of the urea. 

It should be pointed out that the term "oral activity" is used in this 
a specification to include any physiological side effects which result in an 

increased isotopic ratio in the subject's exhaled breath unrelated to die 
sought-after effect being investigated by die breadi test, or without traversing the 
metabolic path involved in the physiological state being investigated. 
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(b) Isotopic ratio change 

In the order to determine the increase in the isotopic ratio ^^C02/*^C02 of 
carbon dioxide in the subject's exhaled breath, the generally accepted method is 
to measure a baseline level of the background isotope ratio in the subject's breath 
before administration of any substrate. The fractional increase in isotopic ratio 
above this baselme is expressed m terms of the known "Delta over Baseline'' 
parameter, or DoB. &i generally used prior art methods, die DoB is commonly 
expressed as a normalized parameter, delta 6, or more stricdy, delta per mil, 
where the delta between the isotopic ratio Ri of a sample 1 and a reference 
sample Rr is defined as: 

5, = 1000 *(Ri -Rr) /Rr 

The reference sample traditionally used is a geological rock standard 
known as Pee Dee Belemnite limestone, and the reference isotopic ratio Rpdt is 
thus the isotopic ratio of carbon, ^^C / ^^C , as found in naturally occurring PDB 
limestone, and has the value 1.11273%. — 

The Delta over Baseline between measurements 1 and 2 is thus given by: 
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5i - §2 , where, 

1000 *(Ri -Rpdb) /Rpdb 

1000*(R2 -Rpdb) /Rpdb. 
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Therefore, DoB = 1000 ♦ ( R| - R2 ) / Rpdb , where : 
Ri is the isotopic ratio measured on sample 1 at time 1, and 
R2 is the isotopic ratio measured on sample 2 at time 2. 

In normal subjects, the isotopic ratio of baseline breath samples is 
essentially that of the carbon dioxide resulting from the metabolism of organic 
compounds originating in the vegetable-originated or animal-originated food 
consumed by the subject. Since these foodstuffs generally have an isotopic 
carbon ratio noticeably lower than that typical of naturally occurring carbon 
dioxide in the air, and also lower dian diat of PDB, the baseline isotopic ratio of 
exhaled breath in normal subjects is usually significantly less than Rpdb, by an 
amount which can range from somewhat over 156 to about 275, depending on the 
subject. The DoB, according to flie generally used definition, is therefore 
expressed as the fractional difference in isotopic ratio between two 
measurements, relative to a specific fixed ratio, which is generally somewhat 
elevated from the typical baseline ratio. 

According to another preferred embodiment of the present invention, it is 
possible in some cases to use the fractional difference in isotopic ratio between 
any two measurements, relative to a specific fixed ratio, but without the need to 
have made a baseline measurement. According to this embodiment, since the 
measurement of change in isotopic ratio is sufficiently sensitive, measurements 
taken following ingestion of the substrate may be sufficient to detect a 
sought-afrer change in isotopic ratio, without knowledge of the baseline level. It 
is then important to note that when using the various parameters mentioned in 
this section, and throughout this disclosure, for making calculations of the 
isotopic ratio change, the term "Delta over Baseline" is to be interpreted broadly 
to mean the difference in Delta over some previously measured value, without 
strict adherence to knowledge of the baseline level. 
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During measurement of isotopic ratios in breath samples, by whatever 
means, the conditions of measurement in the sample and reference ceUs can 
change from those for the correctly cahbrated conditions. Some types of breath 
test, such as fat mal-absorption estimation, gastric emptying rate, or Uver function 
tests, may extend over a considerable period of time, eyen running into hours. In 
such cases, even very sUght drift of the instrument during that time may become 
very significant Therefore, if there is a systematic error in the measurement of 
the ratios, due for instance, to incorrect caUbration arising from a shift of the gas 
absorption curves, even though the error in measurement of the change in two 
ratios close to each other is very small, the value of DoB calculated contains the 
full systematic error, since each ratio is normalized to a fixed value, R^ib, whose 
value could be quite different from the ratios currently being measured. 

In order to avoid this disadvantage, an alternatively defined 5' has been 
proposed in PubUcation No. WO 97/14029, of the PCX appUcation by the Otsula 
Pharmaceutical Co., where, for the ratios R between samples 0 and I : 

5*1 = 1000* (Ri -Ro) /Ro- 
This definition of 5' has Ro in tiie denominator, instead of Rpdb- The difference 
between Ro, the baseline ratio, and Ri, the next point of measurement, is 
generally much smaller than that between Ro and Rpdb, as explained above. The 
value of 5' is, therefore, much less susceptible to changes in measurement 
conditions resulting from a shift of the absorption curve, than the value of 5, 
since 6' is normalized with respect to a ratio Ro close to tiie ratio Ri being 
measured. By using tiiis 5', some prior art measurement metiiods attempt to 
overcome the problem of the need to compensate for drift in tiie absorption 
curves. 

On the other hand, since the value of 8* is dependent on tiie value of Ro, 
the absolute results are dependent on the baseline of the specific subject 
measured, and can thus vary witii such factors as tiie diet of tiie subject, or tiie 
time elapsed^since his last meal, or even his geographic origin, which it is known, 
can have an effect on baseline level. The diff»ence in baseline levels between 
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different subjects can cover a range of about 105, as mentioned above. For this 
reason, use of a 5* dependent on Ro does not enable absolute numerical 
comparisons to be made between die results obtained from different subjects. 

Reference is now made to Table 1 below, which shows several calculated 
values of the DoB nomialized to Ro in column 2, compared to the traditional DoB 
normalized to Rpdb in column 3. Column 1 is the true isotopic ratio, as measured 
by mass spectrometry. The parameter RCIR will be explained hereinbelow. It can 
be seen that as the isotopic ratio of the sample increases, the DoB normalized to 
Ro diverges from the traditional DoB value normalized to Rpdb- Though die level 
r-% of divergence shown at very large isotopic ratios has litde clinically significance 

?S for a particular test, in statistical studies requiring comparisons of the results of 

T. breath tests on a number of different subjects, or for comparison of one subject's 

ry 

"^J results taken at time intervals of typically some weeks, diuing which time his 

W 

m baseline ratio could be have changed significantly, the difference between die 

P DoB parameters could become relevant, and the classical DoB, referred to Rpdb, 

£ is thus to be preferred. 



TABLE 1 

Isotopic ratio DoB normalized to Ro DoB normalized to Rpdb RCIR 

1,097 0 0 0 

1.101 3.436 3.355 3.425 

1.127 27.656 27.000 26.992 

1.165 62.139 60.666 59.458 

1.200 93.532 91.314 88.166 

In order to overcome the dependence of the measured breath test results on 
changes in the absorption curves, according to the present invention, the breath 
test instrument may incorporate various compensation procedures, such as the 
soft-calibration, self-calibration or patient-calibration procedures, as described 
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hereinabove. When one of these calibration procedures is performed, using for 
instance, a sample of the breath of a patient not showing meaningful change in 
isotopic ratio (a "negative" patient), the assumption is made in the calibration 
me&od that the isotopic ratio of that breath can be approxhnated by Rpdb. The 
parameters of the absorption curve are adjusted by the iterative caUbration 
procedure, and as e}q)ected, the ratio measured is indeed found to be that of Rpdb- 
The use of such an assumed approximation to Rpdb, even tiiough it is known that 
the true ratio may be 205 or more below the vahie of Rpdb, has only a small effect 
on the DoB values measured. Thus, for example, if the tine ratio of the above 
mentioned negative patient sample is, in fact, R = 1.07% (a typical value for a 
I negative patient), instead of the assumed Rpdb = 1- 1 1273%, then the error in the 

f, DoB measured resulting from the use of tiie Rpdb approximation, is only of die 

^ order of 3% of the value measured. This means that instead of 58, a reading of 

■39 5. 155 is obtained, this deviation being quite insignificant. The absolute values of 

O DoB measured thus have minimal dependence on thie baseline level of tiie 

subject. 

Taking the example, at the other extreme, of a subject with an unusually 
high baseline ratio, even witii a baseline ratio as much as 606 above the assumed 
value of Rpdb, by virtue of tiie iterative calibration method used, the measured 
DoB values obtained are affected by less than 15. Since the spread in baseline 
isotopic ratio between different subjects is typically considerably below this 
value of 605, the use of the preferred calibration metiiods of this invention, as 
described hereinabove, enable accurate breatii test results to be obtained, 
referable to the generally accepted DoB parameter, and independent of the actual 
baseline of the patient tested. 

Even the anall deviations in the measured values of the DoB's engendered 
by the ^^ib approximation used in tiie calibration methods described above, can 
be compaisated for by executing a ratio measurement on a sample with a known 
isotopic ratio; such as by the execution of a calibration check of the instrument. — 
According to another preferred embodiment of the present invention, the 
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above-amended definition for 5' is used in an alternative parameter, known as the 
"Relative Change in the Isotopic Ratio" or RCIR. The parameter RCIR can be 
preferentially used, instead of the prior art DoB, for determining the increase in 
the isotopic ratio of exhaled breath. The RCIR parameter is defined by means of 
the expression: 

RCIR„ = RCIRa.i + 1000^(R„ - R„.i)/ Rtt-i, 
where R^ is the ^^C02/'^C02 isotopic ratio for the measurement n. By definition, 
at the baseline measurement, RCERo = 0. 

According to the above definition of RCIR, the normalization is performed 
with respect to the isotopic ratio at the previous point measured, R„,i. An 
5 altemative definition can also be used for RCIR, namely: 

J RCIR„(+) = RCIR„.i + 1000*(Rn - Rn-i)/ Rn> 

^ where the normalization is done with respect to the ratio at the current 

measurement point. Since, during the course of a breath test showing a positive 
result, R„ > R„.i , the results achieved using RCIR„(+) are closer to those obtained 
relative to Rpdb» than results obtained using the previously defined RCIRn . 

According to a fiirther preferred embodiment of the present invention, 
these two types of normalization for RCIR, are used alternately for calculating 
the results of each measurement, depending on whether the measured isotopic 
ratio is on the increase or decrease. When the isotopic ratio is rising, Rn.i< Rn, 
and the second definition, RCIR (+), is used: For a falling isotopic ratio, in which 
case R„< Rn-u the first definition, RCIR„, is used. This method of calculation, 
using alternate RCIR parameters, is advantageous for smoothing the trend of the 
residts when the ratio curve changes direction fi-om increasing to decreasing, or 
vice versa, or when there is a high level of noise in the measured points, whether 
fi-om instrumental or physiological sources. The method is also advantageous for 
compensating for a measured point which is particularly deviant fi'om the general 
trend of the plotted curve. 

A further advantage of the use of RCIR parameters alternately defined 
according to the trend in direction of the isotopic ratio measured, Ues in the 
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accuracy of the results obtained. The use of a single definition RCIR parameter 
results in either the accentuation or the de-emphasis of the change in the ratio, 
depending on the direction of the change. Thus, for instance, the use of the first 
RCIRn parameter, being normalized to the previous reading R„.i, results in the 
exaggeration of an increasing ratio, since when on the increase, the R„-i in the 
denominator of RCIR is smaller than R„. Similarly, the use of RCIR„ results in an 
apparent decrease in the rate of decrease of a falling ratio, since the denominator 
R„.i is now laiger than the present ratio R^. The opposite effect is obtained when 
using the RCIR(+) parameter, de-emphasizing an increase, and exaggerating a 
decrease. 

As a consequence, if either one or the other of the RCIR parameters are 
used in the analysis of an executed breath test, an undulating ratio curve will 
result in an accumulated ratio error. On the other hand, according to the preferred 
embodiment of the present invention whereby alternate RCIR parameters are 
used, depending on the trend in the measurements, an undulating curve always 
reflects the true measured result, and, as a result, for instance, always returns to 
its original level if 4e ratio returns to its original value. 

Instrumental drift which takes place during the course of a measurement, 
does not affect the parameter RCIR significantly differently fi-om the affect on 
the prior art DoB. In the last column of Table I above, are shown values of the 
RCIR parameter calculated for each isotopic value given. As is seen, the RCIR 
values follow the values of the classical DoB, wifli small deviations at high DoB 
values. 

According to another preferred embodiment of the present invention, the 
RCIR can be used in a method of measurement which largely overcomes a major 
problem of performing breath tests over comparatively long periods of time, such 
as those tests mentioned above, which can extend for well over an hour. In such 
situations, instrumental drifts are common, for example due to changes occurring 
in the absorption curves vwth changes in environmental conditions, in particular 
with change in temperature. In this situation, if a baseline reference is taken near 
Ae start of the test, there is no simple way of accurately comparing this baseline 
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measurement with isotopic ratios obtained much later in the test, since the 
measurement conditions are generaUy likely to have changed, and the comparison 

is not therefore valid. 

Furfliermore, there are optical spectrometric gas analysis methods, 
including some used in breath tests, in which there is a need to bring the samples 
to be measured to the same major isotopic component concentration as the 
baseline sample, so that it becomes possible to directly relate optical 
transmissions (or absorptions) measured in die sample ceUs, to the concentrations 
of the component gases therem. This equality of concentration is achieved by 

□ diluting each sample collected, by means of an inert gas, down to a 
$ predetermined concentration. The concentration typically chosen is such that it is 
£ at the low end of the range of commonly achieved concentrations to be tested, 
N such that a majority of the samples coUected in practice, can be diluted down to 

O;- 

S that same predetermined concentration value. 

□ In the above mentioned PubUcation No. WO 97/14029, of the PCT 
i application by the Otsuka Pharmaceutical Co., in order to achieve equality m 
j concentration between two samples, a method is described of comparing the 
5 concentration of the two sample bags, and diluting the higher concentration one 

to that of the lower. Unfortunately, it is impractical to apply the method of 
diluting to the lowest concentration to a large number of samples, each collected 
in a different sample bag or to an on-line measuremtait method in which the 
breath of the subject is effectively monitored quasi-continuously, as is described 
in the present invention. The comparison of such a large set of samples would 
require a complicated system of sample handing and temporary storage, since 
each sample needs to be ultimately compared with eveiy other sample. 

Furthermore, since stable measurement conditions generally cannot be 
maintained during the duration of typical breath tests, as explained above, there is 
another disadvantage in the method of Otsuka, because of the use of the ratio, Ro, 
to v^dhich the changes in isotopic ratio of the samples are referred, which may be 
remote from the ratio of Ae measured samples. Likewise, if when comparing the 
n-th sample to sample n-1, the ratio Rn-i is used for normalizing, the trend of the 
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results becomes vinduly exaggerated, and any changes over emphasized. 

The utilization of alternating RCIR parameters, according to the preferred 
embodiments described in this invention, largely solves the above-mentioned 
deficiencies in the Otsuka method, enabling individual pairs of samples, n-1 and 
n, to be brought to the same concentration, without reference to any other of the 
pairs. Thereafter, the n+1 sample is measured relative to the new measurement of 
the n sample, and so on. 

Another method of achieving the correct dilution of the samples, 
commonly used in prior art carbon dioxide breath tests, is by means of a 
comparisGn of the "CO2 IR transmission with a reference sample of known 
3 concentration. Since for the reasons stated above, comparative absorption 

J measurements may be inaccurate if made at widely differing times, the ability to 

achieve samples of equal concentration is also affected by those same 
instrumental stability problems that affect the absorption measurements 
tiiemselves. Thus, according to methods used hereto, when the samples may have 
been collected and measured at considerably different times, the accuracy of a 
breafli test is dependent in two separate ways on the ability to perform accurate 
comparative absorption measurements referred to a baseline sample; firstly, in the 
ability to dilute flie samples accurately to the same concentration, and secondly, 
in the ability to perform the actual absorption measurement accurately. 

There are a number of methods of overcoming this problem. One method 
is to coUect a very large baseline sample, and to divide it into separate individual 
parts that will suffice to compare each subsequent sample collected as die test 
progresses, with a part of Ihe original baseline sample, under the conditions 
prevalent when the subsequent sample is measured, such that the comparison is 
more accurate. Alternatively, separate samples of die initial baselme sample can 
be drawn off for each successive breadi comparison. These methods are very 
cumbersome to execute, and generally not easily feasible, because of the practical 
problem of collecting a large initial baseline sample diat will suffice, after 
division, for each comparative measurement. 

An alternative and simpler procedure that has been proposed in U.S. 
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Patent No. 5.146.294 to R. Grisar et al.. is to use a storage container for 
supplying successive samples of a reference gas. which, between measurements 
of diluted breath samples, is transferred into the measurement chamber under 
conditions identical, as far as is possible, to those of Ae diluted sample breaths. 
The accuracy of this method would appear to be limited by the accuracy with 
which the system can be temperature stabilized, and by the accuracy with which 
the reference samples can be repeatedly measured at the same pressure 
conditions. 

According to another preferred embodiment of the present invention, an 
alternative reference measurement method is to coUect a single initial baseline 
sample of exhaled breath, and to repeatedly measure this same baseline sample 
I immediately before and/or after measurement of each sample collected during the 

test, by transportmg the baseline sample into and out of the measurement cell 
between each collected sample measurement. In this way. the basehne sample is 
measured under conditions similar to those of the collected samples. The 
execution of this method requires an accurate gas handUng system to avoid 
contamination of the single baseline sample by loss, leakage or dilution. 

Alternatively, and even more simply, tiiis smgle baseline sample may be 
stored in its own reference cell, and compared with the sample gas in the 
measurement ceU at each measurement of a new collected sample. This has the 
disadvantage of having to switch the measurement path between different cells in 
order to perform each measurement 

Calculation methods for performing all of the above procedures can be 
estabUshed using various different defmitions of the change in isotope ratio from 
a fixed point, normahzed eitiier to an absolute fixed ratio or to a variable ratio. 
The isotopic deviation of any measured ratio is then given by any of the 
foUowing expressions, depending on which reference ratio is used: 

(a) ( R«- Ro(n))* 1000/ Ro(n) , or 

(b) -( R«-R0(n))* 1000/ Rpdb 

where R„ and Ro(n) are the measured isotopic ratio and the baseline reference 
respectively measured at the n* measurement point. 
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When an absolute normalized measurement, such as tiiat to Rpdb , cannot 
be achieved, for instance because of excessive instrumental drift, the relative 
isotopic deviation may then take tfie form: 
(c) (R„-Ro(„))* 1000/R„ 

Since R„ ^ Ro(n), expression (c) is closer to the standard PDB related expression 
(b), than (a) is. 

When the reference ratio is not a baseline measurement, the change in 
isotopic ratio from this point can be calculated relative to the previous result 
Thus, the deviation is obtained by subtracting for the previous result, one of the 

^ foiiovwngtenns, depending on the defrrition u^ 

I (d) (R„-R««n))* 1000/R«nn),or 

I (e) (R„-R««n))* 1000/ Rpdb, 

H Where R„ and R^„) are the measured ratio itself and reference ratio respectively 



measured at the n measurement point. 



When an absolute normalized measurement, such as that to Rpdb , cannot 

be achieved, for instance because of excessive instrumental drift, the relative 

w 

=P isotopic deviation may then take the form: 

a (f) (Rn-R«i(n))* 100Q/R„ 

Since R„ > Ro(n> expression (f) is closer to the standard PDB referred expression 

(e), tiian (d) is. 

For the first point (baseline), the relative change in isotopic ratio can thus 
be expressed as : 

(Ro- RrcW* 1000/ RrcfCOXpdborO 

while for the n * measurement point, it is: 

(R„-R«i(„))*1000/Rrcf(nXpdborn " (Ro^ RfcflO))* 1000/ R,cf(OX pdb orO 

if the measurement is performed relative to a baseline, or: 

(Rn- Ri*f(n))* 1000 / R^ftn), pdb or n * (Rn-r RfcKn-l))* 1000 / Rrcf^n-lX pdb or n-l 

if the RCIR calculation method is used. 

According to another preferred embodiment oif the present invention, a 
method is proposed, using the RCIR parameters, which largely overcomes the 
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above-mentioned problems of comparing collected samples with a single baseline 
sample for breath tests which extend over a long period of time. According to fliis 
preferred method, a pair of samples is collected at each measurement point, 
except the first, where only one sample need be collected, generally a baseline 
sample. At any successive measurement point, n, one of the pair of samples 
collected is compared with one of the samples fi-om Ae (n-1) point, generally 
collected a comparatively short time previously, while the second is kept for 
comparison with one of the pair of samples to be collected at the next 
measurement point, (n+1). At the last measurement point, two samples are 
collected, but only one need be measured, as the test is terminated at that point. 

Though the method of this embodiment has been described in terms of the 
"collection" of two separate samples at each measurement point, it is to be 
understood that in practice, there is no need to physically collect two separate 
samples. It is possible, for instance to collect a single sample, and to use half at 
each of tiie two measurement points concerned, or to collect a single sample and 
to measure it twice, once at each measurement point, or any other suitable 
variation of the method. 

The time between measurement points is comparatively short compared 
with the total elapsed time of the complete breath test, and can typically range 
from considerably less than a minute, to over 30 minutes, depending on the type 
of test being performed. It is thus simpler to maintain the integrity of the sample 
and the stability of tiie measurement conditions for the comparatively short 
period between one measurement point and the next, than from the beginning of 
the breath test till its end. 

In this way, a moving frame of reference is created, whereby comparisons 
with the previous measurement point are always made imder the closest possible 
measurement conditions, and each measurement point may be referenced back to 
the previous point, regardless of how the measurement conditions have changed 
in flie interim because of instounental drift. 

The computational procedure of comparison of pairs of samples according 
to this embodiment of the present invention, can be understood by reference to 
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Fig. 24, which shows a typical plot of how a measured isotopic ratio, R, coiild 
change as a function of elapsed time, because of instrumental drift, such as 
results from changes in the absoiption curves. The graph shown is for illustrative 
purposes only. The plot shows the change in the ratio actually measured by the 
instrument for an idealized fixed ratio, as if the breath test were giving a negative 
result, with no change whatsoever in the true isotopic ratio. A similar explanation 
can be given for the more hkely situation when the ratio really is changing, but 
for the sake of simplicity, a fixed ratio is used to explain the method of this 
embodiment. 

Using the prior art methods of comparing the change in isotopic ratio to a 
baseline reference measurement taken at time to, the change in isotopic ratio 
measured at time ti would be ARi. At the next measurement point, taken at time 
t2, the change in measured isotopic ratio, as a result of drift in the instrument, 
would be measured as and the accumulated change from the baseline level 
ARi + AR2. Similarly, at die third measurement point ta, the measured change in 
ratio from the previous point is AR3. and the accumulated change from Ae 
baseline level ARi + AR2 + AR3. As is seen from the graph, the various values of 
AR„ can be significant, and the accumulated AR even more so, especially for 
breath tests which continue for a considerable time in comparison to the stability 
level of the instrument 

According to this preferred embodiment of the present invention, die 
collection of pairs of samples at each measurement point can reduce this error 
substantially. Thus, for instance, at time ti, one of the pair of samples collected is 
used for comparing the ratio measurement at time ti with the baseline reference 
sample measured at time to. The second sample of the pair is kept intact until time 
t2, and is tiien used as die reference sample against which one of the pairs of 
samples collected at time t2 is compared. In this way, the change in measured 
ratio AR2 due to instrumental drift is nullified, since a sample from time ti is 
compared in the instrument with a sample from time t2 under essentially 
identical conditions, namely those extant in the instrument at time t2. Similarly, 
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comparison of &e second sample kept from tz with one from time ta enables the 
apparent shift in ratio AR3 to be effectively nullified. A similar argument applies 
for all successive measurement points in the breath test. 

The above explanation is somewhat simplified in that it assumes that the 
ratio measurement of each sample takes infinitesimal time, and that both samples 
are measured simultaneously at each point in time, and thus under identical 
conditions. In practice, each ratio measurement takes a time At, and at point 2, for 
instance, the measurement of the ratio of the reference sample kept from time ti 
is performed at a time At earUer than that of one of the pair of samples collected 
at time tz. During that time At, the drift of the instrument continues, and the result 
is that the ratio I2 measured at time tj, is different from the ratio measured at time 
(t2+At) by an amount Ar. However, since the time At taken for the ratio 
measurements themselves is generally significantly shorter than the elapsed time 
between successive measurement points, the use of the sample pair measurement 
method, according to this prefeired embodiment of the present invention, still 
results in considerably increased accuracy, and considerably increased immunity 
from instrumental drift. 

Furthermore, the sample pair method according to the present invention 
still results in a significant measurement improvement, even when account is 
taken of the time taken to dilute each sample down to its target concentration and 
to measure the concentrations reached, (his process being performed so that the 
samples are compared at identical concentrations. The dilution and concentration 
measurement process may, in fact, take considerably longer than the time. At, 
taken to perfoim the ratio measurement itself. If the dilution and concentration 
measurement procedure is performed in the interim period between measurement 
points, both for the reference sample collected from the previous measurement 
point, and for the sample currently being measured, then when the time to make a 
ratio measurement arrives, the samples are already diluted to their target 
concentration, and are ready to be meaisured immediately, with a time difference 
between comparative measxurements of no more than At. 
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This preferred method of collection and measurement of pairs of samples, 
and use of the RCIR parameter for calculation of the relative change in isotopic 
ratio of the samples, may be advantageous and applicable for all types of breath 
tests, both those which use bags for sample collection, which are then analyzed at 
a time and place not necessarily related to the time and place of collection of the 
samples, and also those which are performed in real time, with the subject 
connected to the breath test instrument such that his breath is capable of being 
monitored almost continuously by the breath test instrument. 

(c) Baseline determination methods 

In the known prior ait. the baseline is determined by determining the 
isotopic ratio in a single measurement taken from a single breath sample, or 
group of samples, obtained before the ingestion of the labeled substrate. This 
method may produce inaccurate results if the single baseline point obtained is 
incorrect, due either to drift or a high noise level in the instrument, or to 
physiological "noise" in the breaths supplied by the patient, when for some 
clinical reason, successive breaths give significandy different isotopic ratios. 

In order to overcome these sources of potential inaccuracy, according to 
another preferred embodiment of the present invention, a baseline determining 
method is operative to review the quality of the measured baseline point, and if 
necessary, to measure one or more additional baseline points before the patient's 
ingestion of the labeled substrate. 

According to a first additional preferred embodiment related to baseline 
measurement, if the self-diagnostic procedures operative within the instrument 
indicate that the quality of the point measured is high, such as is determined for 
instance, by the presence of a low standard deviation of scatter of the separate 
results making up that first baseline measurement point, or by the achievement of 
a carbon dioxide concentration close to the target value, then the control system 
concludes that a single basehne measurement is sufficiently accurate. 

According to a fiirlher preferred embodiment, a second baseline 
measurement is taken. If the two measurements are within a predetermined value 
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of each other, then it is assumed that no interference, neither instrumental nor 
physiological, was operative in the baseline measurement, and a simple mean of 
the two values is preferably used. If; on the other hand, discrepancy is detected 
between the two values, or one of the points is suspect as being of poor quaUty, 
as determined for instance, by the criteria given above, a number of possibilities 
present themselves. The point of poor quaUty can preferably be discarded and 
only the good point used in defining the baseline level. Alternatively and 
preferably, the system can request the measurement of a third baseline point The 
result of this third baseline point preferably determines which of the results are 
used. If it is apparent that the first two values are scattered because of a noise 
problem, then the method takes a simple mean of aU three values. Alternatively, 
if it is apparent from the third measurement that one of the first two values is 
severely discrepant from the other two, one of the first two values can be rejected 

as being delinquent. 

According to further preferred embodiments of the present invention, the 
baseline measurements are performed in such a manner as to speed up the 
progress of the test. Thus, for instance, the second point can preferably be 
coUected before completion of the analysis of the first point. If it becomes clear 
before completion of the measurement of point number 2, that point number 1 is 
of poor quaUty and cannot be used, then the calculation routine requests the 
collection of a third baseline sample, before completion of the measurement of 
point No. 2. 

According to a further preferred embodiment of the present invention, in 
order to speed the test up even more, the patient is given the labeled substrate to 
ingest even before the results of the second measurement is known, but after the 
collection of the breath sample for the second baseline measurement. In tiiis case, 
if a check of the quality of tiie measurement, as determined for instance by tiie 
standard deviation of the separate points making up the measurement, or by tiie 
accuracy of. tiie achieved CO2 target concentration, reveals that one of tiie 
measurements is likely to be of poor accuracy, flien fliat measurement can be 
discarded in Ac calculation of tiie baseline. If botii are of good quaUty, tiien tiieir 
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average may be used. 

(d) Threshold utilization methods 

A breath test for the detection of a specific clinical state, in common with 
many other diagnostic tests, reUes on the attainment of a specific result or level as 
the indication of a positive result of the test. The provision of a definitive 
diagnosis about the absence of the sought-after clinical state, or, in other words, 
the definition of a negative result, is a much more difficult task. 
The operational fimction in a breath test is to determine when a change in the 
isotopic ratio of a component of breath samples of the subject is clinically 
1 significant with respect to the effect being sought The criterion for this 

% determination, as used in much of the prior art, is whether or not tiie DoB has 

5 exceeded a predefined threshold level, at, or within the allotted time for the test. 

I When the result is positive, the decision is simpler, even though some doubt may 

still remain when the threshold crossing is not decisive, such as when a slow 
upward drift of the DoB value is obtained. When, however, the DoB hovers 
between the baseline and the threshold, with random noise perhaps sending it 
over the threshold occasionally, it becomes a much more difficult task to make a 
definite diagnosis that the result is really negative. The interpretation of negative 
results is of special importance in the commonly used urea breath test for 
detecting the presence of H. pylori in the upper GI tract, because of tbe 
widespread prevalence of ulcers and similarly related conditions of the upper GI 
tract in a significant proportion of the population. 

One solution to this problem is to allow the test to continue for a longer 
time, to detennine whether the result does or does not remain negative. This, 
however, involves patient inconvenience and the unnecessary occupation of 
expensive instrumentation, which could otherwise be used for the testing of 
fiirther patients. It is therefore important to devise a means of defining the 
optimum breath test tiireshold level which enables defmite results to be obtained, 
and especially negative results, in a minimum of time. 

In order to accomplish this objective, and to achieve the highest sensitivity 
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and specificity in the shortest possible measurement time, the breath test analyzer 
according to another preferred embodiment of the present invention, does not use 
fixed criteria for determining whether die change in the isotopic ratio of a 
patient's breath is clinically significant, histead, the criterion is varied during die 
course of the test, according to a number of factors operating during the test, 
including, for instance, the elapsed time of the test, the noise level of the 
instrument performing the test, and the physiological results of the test. 

Furthermore, although the traditionally used measurement of the change in 
the isotopic ratio has been the level of the ratio over a baseline level, according to 
other preferred embodiments of the present invention, die measurement could be 
1 the change over a previous measurement point odier than a baseline level, or the 

S rate of change of the isotopic level, or any other property which can be used to 

N plot the course of the change. 

S In order to illustrate these novel measurement methods, a preferred 

Q embodiment of the present invention is now presented in which a threshold 

I utUization method uses die real time results of the test to determine whether 

1 enough data has been accumulated in order to decide that the test is complete. 

D This is accomplished by using a dynamic ttureshold level, whose value can be 

changed by the direshold utilization mediod during the course of a measurement, 

as a function of one or more of the following quantities: 

(i) as a function of the nature of the data accumulated, i.e. whedier the test is 
giving a well-defined result or no^ 

(ii) as a function of the level and trends of the results obtained, 

(iii) as a function of the standard deviation of the accumulated data, and 

(iv) as a function of die noise and drift level in the particular instrument being 
used at that particular time. 

In addition, according to a further preferred embodiment, two thresholds 
may be utiUzed, an upper and a lower direshold, which converge as the 
significance of the data collected becomes clearer. 

A distinction can be made between a method of determining die use of 
variable diresholds at Ae beginning of a test, after the subsidence of oral activity. 
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and as the test proceeds. During the early period of a test, before flie 
accumulation of a large quantity of data, in order for a definitive result to be 
decided, the points must fall either veiy defmitely above the baseline, which 
implies a positive result, or must be very close to the baseline, which implies a 
negative result. As the test proceeds, and the physiological result of a large 
number of accumulated points of measurement are taken into account, then the 
threshold criteria to be used should be more statistically based on the data 
accumulated. 

The result of these two approaches is shown by reference to Fig. 25, 
which iJlustrates a preferred method of the use of double and dynamic Areshold 
criteria. In Fig. 25 is shown a plot of the threshold values used as a function of 
$ the time elapsed from ingestion of the isotope labeled substrate at time tb- In die 

region 500 from the beginning of the test at time to, up to time t,, breath samples 
are generally not taken into account in determining whether the upper threshold 
has been reached because of the possible existence of oral activity arising from 
I the breakdown of the substrate by bacteria present in the patienf s mouth. I^ on 

I the other hand, the oral activity detection system determines that no significant 

1 oral activity is present, then rising results may be taken into account in 

determining when the upper threshold has been crossed, even from time to. 
Results close to the baseline may generally always be taken into account, since 
they are obviously unaffected by the presence of oral activity, if any. 

After the elapse of time ti, when oral activity, if any, has subsided and all 
of the breaths collected are taken into account for calculation of the test results, 
two threshold levels are used, an upper threshold T„ 506, and a lower threshold T. 
508. Throughout the whole of the region 502, when very Uttle data has been 
accumulated, widely different values of T„ and T, are used, 85 and 25 in the 
preferred embodiment shown in Fig. 25. A result below 25 is regarded as a 
negative result, whUe one above 85 is regarded as a positive result. Results 
falling within die region between T„ and T, are indefinite and require die 
accumulation of more data. According to ftirdier preferred embodiments, die 



threshold levels need not be constant in this region, but could commence widely 
apart at time ti, and slowly converge with time, as shown by the alternative upper 

tiireshold curve 507. 

An important aspect of this embodiment is that already by the time ti has 
been reached, which could be as Uttle as 4 minutes from the ingestion of the urea, 
it is possible to make a definite positive or negative diagnosis, if the results 
obtained are sufficiently deviant from the expected baseline, 88 and 25 in the 
preferred embodiment described. A preferred criterion for a definite diagnosis is 
that if two points are obtained above the upper threshold, to the exclusion of any 
points below the lower threshold, then the diagnosis is positive. Similarly, the 
existence of two points below the lower threshold, to the exclusion of any points 
above the upper threshold, is a sufficient criterion to provide a negative 
diagnosis. A more stringent and preferred criterion for a negative diagnosis, 
bearing in mind the difficulties mentioned above in determining whether a result 
is truly negative, is the presence of any 3 or 4 successive points after the urea 
administration, falling either below flie lower threshold or with an average below 
1 this threshold, and a standard deviation of less than 15 and with a slope of less 

5 than 0. 1 5 per minute, and witii no significant instrument drift or trend. Expressed 

qualitatively, this implies that for a measurement which shows the DoB plot to be 
fairly flat, and on an instrument known historicaUy to be stable in operation, then 
a negative result can be determined sooner than by any prior art method. The 
speed with which a diagnosis can be provided dius distinguishes the breath test of 
die present invention from those of prior art instruments and methods, both for 
positive and for negative results 

After elapse of a time ta , shown at 6 mins in die embodiment of Fig. 25, 
when a sufficient numbw of points have been accumulated, the standard 
deviation of the results should have dropped, and the physiological result of the 
test, if conclusive in either direction, should be evident enough that the thresholds 
may be closed up gradually, and even moved in die direction which provides the 
highest sensitivity and specificity for the test in progress. The time ta from which 
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this threshold closure begins to operate, and the rate of closure itself of the 
thresholds 510, 512, and the rate of change of any level conunon to both of them, 
are detennined by the data diemselves, or are predetermined. Points with 
standard deviations which converge rapidly from the best-fit curve, result in 
speedy threshold closure and movement, and vice versa for slowly converging 
standard deviations. After a time ts , which too is determined by flie degree of 
scatter of the points, the two thresholds converge into one tiireshold 514, at the 
traditionally used level of 55 in tibe embodiment shown, and from that time on, a 
diagnosis is made on the basis of the result falling above or below this threshold. 

If on the other hand, the data points remain scattered, and flieir average 
level close to 55, a fault message is displayed and the test concluded witfiout a 

Ui 

fi meaningful result. 

tU 

Si In use, the threshold utilization method shown in Fig. 25 operates as 

m follows. A subject with a rising DoB result who is not above 85 after 6 mmutes, 

a is evaluated again after 8 minutes with a Areshold of 78, and if not over this new 

Areshold, again after 10 minutes with a 68 threshold, until the traditional 58 is 
reached. Likewise, a subject showing a non determined DoB trend, who is not 
below 28 after 6 minutes is evaluated again after 8 minutes with a threshold of 
38, and if not below this new threshold, again after 10 minutes with a 48 
threshold, until the traditional 58 is reached. 

As the time of the test proceeds, and the data accumulated more accurately 
reflects the physiological reality of the breath test mechanism, whereby the DoB 
of positive subjects rises as time proceeds, then according to a fbrther preferred 
embodiment of the present invention, the threshold used 515 is allowed to rise 
slowly witfi the continuation of the test time. 

According to yet another preferred embodiment, the lower Areshold can 
remain independently existent instead of coalescing with the upper threshold to 
form a single threshold level. This is shown in Fig. 25 by alternative and 
preferable lower threshold 516, which eiflier remains constant at a certain upper 
level, shown at 48 in the example illustrated, or slowly falls with time, as the 
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differentiation between a negative result and a positive result becomes more 
pronounced. 

The validity of Ae use of variable thresholds according to the above 
preferred embodiments has been verified by comparisons of tiie results obtained 
with a breath tester incorporating such dureshold embodiments, with results 
obtained by means of a monitoring test method. For the case of the H. Pylori 
breath test, such a standard monitoring method is by the endoscopic collection of 
a biopsy from the stomach of the patient, followed by a histological examination 
of the tissue, or a culture of the bacteria present. 

According to a further preferred embodiment of the present invention, the 
threshold values used are made dependent on the self-diagnostic outputs of the 
system. For an instrument giving poor results, such as having a high noise level, 
or a systematic noise pattem, or a trend in the results, the threshold utilization 
method uses wide initial threshold values, namely a comparatively high upper 
du-eshold and a low lower threshold. For an instrument giving good results, such 
as having a low noise level or a low level of drift, flie upper and the lower 
threshold levels and also the difference between them can all be lowered, and the 
number of points falling below the threshold required to define a negative result 
can then be decreased. In this way, it becomes possible to define a test result as 
being negative or positive earlier than with a fixed threshold. 

According to a further preferred embodiment of the present invention, a 
threshold utilization method is used for determining whether sets of points 
measured can be considered to give a definitive test result. A best fit polynomial, 
preferably of second order, is constructed to functionally approximate the plot of 
the points obtained in one test. Only those points measured following the 
effective cessation of oral activity are used in the construction of this polynomial. 
A weighted standard deviation of those points from the calculated polynomial 
curve is then calculated. The weighting is performed such Aat for points less 
than, for exainple, 55 above the baselkie, the deviation from the polynomial 
curve is taken as is. For points of over 58 above the baseline, since flie effect of 
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random noise on such a measurement is far less significant, the calculation 
method takes only 20% of the deviation of the point from the polynomial as the 
effective error value for the purpose of calculating the weighted standard 
deviation. If this weighted standard deviation is greater than 1.5a, the 
measurement is regarded as problematic because of the high scatter of results. 

In addition to the standard deviation criterion, there are other preferred 
criteria on the basis of which the measurement may be rejected as being 
inconclusive. An example of one such preferred criterion is for instance if at least 
2 out of 5 points measured fall within the threshold limits, such as from 38 to 
76 above the baseline, while at the same time, the last measured point is less than 
105 above baseline, indicating that there is no strongly positive result. Even 
tiiough the final pomt alone would seem to indicate a positive result, the 
calculation routine rejects the measurement, as extant at tiiat point in time, 
because of tiie uncertamly introduced by the previously mentioned "2 out of 5" 
criterion. 

In some parts of this specification, tiie procedures and computational 
methods have been described in terms of die urea breath test for flie detection of 
Helicobacter Pylori in the upper gastro-mtestinal tract. It is to be understood that 
this test is only an example of many diagnostic tests which can be performed by 
means of breath testing, and that the invention is not meant to be limited to the 
preferred explanatory examples brought from die H. pylori detection breath test 

Spectrally stable improved infra-red lamp source 

The spectral stabiUty of the lamp source used m the gas analyzer of breath 
test instrumentation is of importance, because of the high resolution and 
selectivity required to accurately determine die concentration of one isotopic 
species in die presence of anodier. Lack of good spectral stability may cause 
small changes occurring in the source spectiiun to be erroneously interpreted as 
intensity changes resulting from changes in isotopic concentration. 



A number of factors affect tiie spectral stability of die electrode-less cold 
gas discharge infra-red lamp source, of the type used in the breath test 
instrumentation according to the present invention. These factors include 
temperature, electrode position and time. The first two are factors of the 
operating conditions and geometry of the lamp, and if well understood, can be 
well controlled. The third factor mentioned, namely change over time, is much 
more problematic, since such changes are due to long term changes in the 
composition of the gas fill. It is thought that a major cause for long term changes 
in the lamp output and spectrum is the result of the gradual break down of the 
IR-active molecule in the discharge, hi the case of the carbon dioxide lamp, the 
carbon dioxide dissociates into carbon monoxide and oxygen, hi the course of the 
first few minutes of lamp operation, an equiUbrium of the above molecules is 
reached, but over a longer period of operation, this equilibrium level changes as 
CO and 02 are adsorbed on the walls of the lamp envelope. Impurities also 
reduce the CO2 level still fimher. 

Up to now, the majority of Ae prior art on the subject of the changes with 
time in the operating conditions of electric discharges in carbon dioxide has been 
primarily concerned with the change in power output which occurs as the CO2 
level changes. This has been the main point of interest because of the nnportance 
of avoiding a decay over time in the power levels of CO2 lasers, and especiaUy of 
sealed-off CO2 lasers. 

However, in tiie case of discharge lamps, whose emitted radiation is a 
result of non-coherent, spontaneous emission from an excited state to the ground 
state, changes in CO2 concentration also affect die emission spectrum by means 
of a process known as self-absorption. In CO2 lasers, on the other hand, this 
phenomenon is, for all practical purposes, non-existent. The phenomenon of 
self-absoiption operates m the foUowing way. The CO2 molecules in the lamp not 
only emit radiation when excited, but they also absorb radiation when in the 
ground state,-!^ means of induced absorption. The lamp itself thus operates as an 
absorption cell to its own emitted hght as this Ught passes through the lamp's 
own gas fill to the output window. The CO2 lines are absorbed at thek centers. 
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and their shapes thus change by means of Ae process known as self-absorption. 

The effect of self absorption on NDIR spectroscopy measurements can be 
significant. Even when Doppler broadened, the lines emitted from the lamp are 
much narrower than the absorbing Unes in a gas sample at atmospheric pressure. 
As a result, the region of coincidence on the absorbing lines is of approximately 
constant magnitude. Hence, although there is no change in absorption 
characteristics for any individual emission line for different degrees of 
self-absorption, the change in the distribution of the individual hne intensities 
does cause an overall change in the absorption characteristics. As a result, 
changes in self-absoiption create a change in the emitted line strength distribution 
of the first order band group, i.e. the weaker absorbing lines of the Boltzman 
f distributed intensities traverse the lamp with Utde attenuation, even in the 

■J presence of the high CO2 concentrations inside the lamp, but flie strongly 

1 absorbing Unes of the Boltzman distributed intensities are strongly attenuated. 

%r These changes in line intensity distribution are similar in their effect on 

4 the absorption characteristics to changes in distribution resulting from changes m 

£ relative group/order (isotope) strength, or Boltzman distribution changes resulting 

from changes in temperature. 

Expressed mathematically, the lamp output radiation after absorption in 

the gas cell is given by: 

I = 2e-"'j*Iij +Se^j'^l2j 
where I, and I2 are for the first and second order respectively, and are defined 
over their line intensities I^i. This relationship follows from the well-known 
Beer-Lambert law. 

Defining a distribution ratio X = 2 ly /(Sly + Sfcj), which is the output 
ratio between first and second order of line distribution j, the transmission t(c) is 
given by: 

t(c) =t,(c)X +t2(c)(l-X) 

for any given concentration c. 

When the lamp CO2 concentration changes vrith time, this distribution 
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ratio changes and hence, also the absorption characteristics of the complete 
optical system, consisting of the emitting lamp together with the absorbing ceU. 
Under diese conditions, it becomes difficuk to distinguish such changes from the 
changes in gas conc«itration being measured. 

Althou^ self-absorption can be anticipated from theory, it is difficult to 
demonstrate dkectly. This is mainly because the typical line width of the lamp is 
less than 0.006cm''. The only instrument currently available which is capable of 
resolving such a narrow width is an FTIR (Fourier transform infra-red) 
spectrometea-, with a mirror movMnent of at least 2 meters. The self absorption 
fine structure is even more difficuk to resolve. 

Experiments have been performed to observe the effect in discharge 
lamps, by using an FTIR spectrometer with possibly one of the optimum 
resolutions currently attainable. Comparisons between aged and new lamps for 
® changes in line shape clearly show the effect. Other effects such as changes in 
O Boltzman distribution, or changes in the ratio of first and second order lines, are 

O shown to be negligible in comparison. 

M It is well-known in the art that one method of encouraging the 

few 

^ recombination of dissociation products of molecules broken down under the 
effect of electrical discharges, to reproduce the parent gas molecule from which 
they originally dissociated, is by the use of catalysts. In the case of the CO2 
discharge, the carbon monoxide and oxygen molecules within the lamp envelope 
can be recombined under the influence of suitable catalysts, to reform the CO2 
molecules from which they dissociated. In sealed-o£f laser CO2 laser technology, 
such catalysts are widely used to maintain the level of CO2 in the laser cavity, in 
order to prevent a decay in the laser power output which would occur if the 
percentage of dissociated CO2 were to increase with time. 

As mentioned above, the effect of self-absorption is effectively 
non-existent in CO2 laser discharges, as also in other systems not lasing directly 
to die ground state. In the CO2 laser, the stimulated emission of the laser light is 
produced by a decay transition fr<Mn a metastable state down to a short-lived 
excited state. It is tfiis transition \vinch produces the l^miliar CO2 10.6Mm 
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wavelength radiation. Since the lasing transition is not to the ground state, the 
large population of ground state molecules do not absorb the lasing transition 
energy, and for this reason, self-absoiption is effectively non-existent in such 
laser discharges. 

In gas discharge lamps of the type disclosed in U,S. Patent No. 5,300,839, 
on the other hand, the IR radiation is created by spontaneous emission in tiie 
wavelength region of 4.3^m, by transition of the IR active molecules fiom 
rotational-vibrational excited states, directly to the ground state. No metastable 
states are involved in this transition scheme. Since a high proportion of the CO2 
molecules populate the ground level, flie spontaneous radiation associated with 
the transition to this ground level is readily absorbed by these ground state 
molecules, by the process of induced absorption. This results in appreciable 
self-absorption of the radiation. In this respect^ discharge lamps are significantly 
different from the stimulated emission of laser discharges operating in the same 
molecular system, in that they show a significant self absorption effect. 

The previously known catalyst technology used in laser discharges is 
aimed exclusively at maintaining the laser gain, the laser efficiency and the 
power output level of the emission from the laser. To the best of the Applicants* 
knowledge, no mention has been made or suggested, that such catalysts be used 
to maintain the spectral stability of the discharge, since the mechanism of 
self-absorption by which this could be performed, is not applicable to lasers. 
Furthermore, to the best of the Applicants' knowledge, catalysts have never been 
used, or their use suggested for stabilizing the emission spectra of gas discharge 
lamps. 

There is thus provided, in accordance with a preferred embodiment of the 
present invention, a method for increasing the spectral stability of cold gas 
discharge infra-red lamp sources, by the use of a catalyst to reduce the changes 
with time in the concentration of excited gas molecules in the lamp active in 
emitting to ground state levels, thereby resulting in a reduction in the changes in 
self-absorption. 
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A number of catalysts are known for reproducing CO2 from CO and O2, 
such as platiniim with tin oxide, sputtered gold and silver coatings. The method 
of providing the catalytic coating on the interior of tiie discharge lamp envelope, 
in order to increase the lamp's spectral stability, depends on the material used for 
the catalyst. According to one preferred embodiment of the present invention, the 
method consists of sputtering the gold in a finely divided form onto the inside of 
the lamp envelope, such that it forms a non-conducting fihn, with a very high 
surface to volume ratio. Other metals such as Indium, Rhodium, Palladium and 
Nickel can also be used as catalysts. Other methods of applying flie catalyst 
besides sputtering may also be used, such as chemical or vapor deposition. 

Reference is now made to Fig. 26, which is a schematic drawing of an 
improved electrically-excited gas discharge lamp 550, constructed and operative 
according to another preferred embodiment of the present invention. The basic 
elements of the lamp construction are similar to those disclosed in U.S. Patent 
No. 5,300,859. The envelope 552 of the lamp defines an internal volume 554 
which contains a gaseous mixture 556 including one or more IR-active gaseous 
species. The gas is preferably excited by two electrodes 558, 560, disposed 
outside of the envelope, and supplied with RF-exciting power via a pair of cables 
562. After being raised to an excited state, the IR-active gaseous species decays 
by means of a spontaneous emission directly to the groimd state, and the emitted 
radiation is output by means of an optically transparent window 564 at one end 
of tfie lamp envelope. According to this preferred embodiment of the present 
invention, on the inner wall of the lamp envelope is a layer of catalyst 566, 
operative to maintain a constant level of the dissociation products of the IR-active 
gaseous species, such that the self absorption of the emitted radiation is kept at a 
constant level, and spectral stability of the lamp output maintained, as explained 
in detail hereinabove. 

The catalyst is chosen to ensure an equilibriimi between the IR-active 
gaseous species and its dissociation products. In this respect, it shoxJd be noted 
that unlike prior art use of catalysts in lasers, where the catalyst is optimally 
operative to keep dissociation of the IR-active species to a minimum, in order to 
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keqp laser output power to a maximum, according to the present invention, the 
catalyst need only maintain a constant equilibrium level of the IR-active species 
in order to achieve its aim of maintaining constant self-absorption and hence 
constant spectral stabiUty. The catalyst may be applied by any of the methods 
known in tiie art, by chemical, sputtered or vapor deposition, or by any other 
suitable means. The catalyst may be of any of the types mentioned hereinabove. 

Since the catalyst reduces the breakdown of CO2, it is possible to reduce 
the need for a large ballast volume of gas, and thus to produce a lamp of 
considerably reduced size. Such a lamp is advantageous for use in portable 
systems. Sdch a smaller lamp has a better surface to volume ratio with respect to 
the active media and the activated O2 molecules require a shorter path length to 
reach the coating, and hence have a higher probability of reaching the catalytic 
coating in the required activated state, hi U.S. Patent No. 5,300,859, lamp 
volumes of die order of 60 ml. are disclosed. This volume was required to ensure 
an adequate reservoir volume to ensure long lamp life. If lamps of smaller 
volume were used, the increased effect of the absorption of dissociated carbon 
monoxide and oxygen on the increased surface of the walls in relation to die gas 
volume, would result in the lamp discharge decaying very rapidly. The use of a 
catalyst on the lamp walls, according to a further embodiment of the present 
invention, allows significantly smaller lamps to be constructed, without 
negatively affecting iheir lifetime or spectral stability. It is possible to achieve 
lamp volumes of 6nil or less, which provide similar lifetimes to those of the prior 
art 60ml volume lamps, while maintaining the same level of spectral stability. 
This is of significant advantage for use in the breath tester, where two lamp 
sources are typically required, whose mutual stability is dependent on the 
maintenance of both of them under similar environmental conditions, something 
that is simpler to achieve with more compact lamps. 

Since the catalyst reduces the breakdown of CO2, die use of a catalyst 
according to Jhe. present invention makes it feasible to produce a lamp with a 
lower CO2 pressure. In U.S. Patent No. 5,300,859, CO2 percentages of the order 
of 10% are recommended for optimum output and lifetime considerations. 
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According to preferred embodiments of the present invention, the use of a 
catalyst allows the operation of the lamp with lower CO2 concentrations in the 
lamp gas mixture, down to 5%. This results in lower self-absorption effects, with 
consequent higher intensity central lines of die absorption spectrum, as explained 
hereinabove. This provides very deep absorption curves widi a high extinction 
ratio in die gas analyzer measurement cell, permitting use of a shorter cell path 
and a more compact instrument without losing detection sensitivity or selectivity. 
This is of high importance when measuring the very low concentration levels of 
tiie minority isotopic component in a breath test 

It v/ill be appreciated by persons skiUed in the art that the present 
invention is not limited by what has been particularly shown and described 
hereinabove. Rather the scope of the present invention includes both 
Q combinations and subcombinations of various features described hereinabove as 

£ well as variations and modifications thereto which would occur to a person of 

£ skill in the art upon reading the above description and which are not in the prior 

g art. 
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We claim: 

1. A method of determining in a breath test, when a change in a 
measurement of an isotopic ratio of at least one breath sample of a subject is 



breath test: 

2. The method according to claim 1 and wherein said measurement 
comprises the deviation of said isotopic ratio from a measurement of at least one 
previous sample of said subject. 

3. The method according to claim 2 and wherein said measurement of at 
least one previous sample of said subject is a baseline measurement. 

4. The method according to claim 1 and wherein said measurement 
comprises the rate of change of said isotopic ratio. 

5. The method according to claim 1 and wherein said criterion is a function 
of elapsed time of the test. 

6. The method according to claim 1 and wherein said criterion is a function 
of the noise level of the instniment performing said test. 

7. The method according to claim 1 and wherein said criterion is a function 
of the physiological results of said test. 



clinically significant, wherein the criterion for said detenmning varies during said 



8. A breath test method using at least one threshold level for determining 
when the isotopic ratio of at least one breath sample shows sufficient deviation 
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from a measurement of the isotopic ratio of at least one previous sample, that a 
clinically significant result of the breath test may be concluded, wherein said at 
least one threshold shows variation during said breath test. 

9. The method according to claim 8 and wherein said measurement of at 
least one previous sample of said subject is a baseline measurement. 

10. The method according to claim 8 and wherein said variation is at least a 
function of the elapsed time from ingestion of an identifying substrate by a 

p subject. 

j5 11. The method accordiog to claim 8 and wherein said variation is at least a 

1 y 

function of the physiological results of the analysis of at least one of said 
n samples. 



Q 



12. The method according to claim 8 and wherein said variation is at least a 



S function of the nature of the results obtained in said breath test 



13. The method according to claim 12 and wherein said nature of the results is 
at least a function of the standard deviation of the spread of results in said breafli 
test. 

14. The method according to claim 12 and wherein said nature of the results is 
at least a function of the noise level present in said results. 

15. The method according to claim 12 and wherein said nature of the results is 
at least a function of the instrumental drift present in said results. 



16. The method according to claim 8 and wherein said variation covers a 
range of values between an upper threshold and a lower threshold. 
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17. The method according to claim 16 and wherein said upper threshold and 
said lower threshold converge as tiie test proceeds. 

18. The method according to claim 1 and wherein said measurement of an 
isotopic ratio of at least one breath sample is performed only after significant 
subsidence of oral activity. 

19. The method according to claim 16 and wherein, tfie presence of at least 
C3 fvvo iReasurements above said upper threshold within a predetermined time is 
yn indicative of a positive result of said breath test 

m 

20. The method according to claim 16 and wherein the presence of at least 
^ two successive measurements above said upper threshold is indicative of a 

E 

O positiveresult of said breath test. 

O 

O 21, The metiiod according to claim 16 and wherein the presence of at least 

° two measurements above said upper threshold in combination with the absence of 

measurements below said lower threshold is indicative of a positive result of said 

breath test 

22. The method according to claim 16 and wherein the presence of at least 
two measurements below said lower threshold within a predetermined time is 
indicative of a negative result of said brea& test 



23. The method according to claim 16 and wherein the presence of at least 
two successive measurements below said lower threshold is indicative of a 
negative result of said breath test 
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24. The method according to claim 16 and wherein the presence of at least 
two measurements below said lower threshold in combination with the absence 
of any measurements above said upper threshold is indicative of a negative result 
of said breath test 
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25. The method according to claim 16 and wherein the presence of at least 
two successive measurements falling below the upper threshold, with less than a 
predetermined difference in the value of delta between said three measurements , 
and with less flian a predetermined average slope between them, is indicative of 
a negative result of said breath test. 

26. The method according to claim 16 and wherein the presence of at least 
two successive measurements falling below the lower threshold, with less than a 
predetermined average slope between thenfi, is indicative of a negative result of 
said breath test. 

27. A breath test mediod for determining whether measurements of the 
change from a baseline of an isotopic ratio in a subject's exhaled breaths, 
following the effective cessation of oral activity, are such that the presence of a 
clinically significant state in said subject is indicated, comprising the steps of: 

determining a polynomial which approximates the functional plot 
of said measurements with time; 

calculating a weighted standard deviation of said measurements 
from said polynomial, wherein for measurements over said baseline by more than 
a predetermined amount, a certain fractional part of the measurement is taken, 
while for measurements not over said baseline by more than said predetemained 
amount, the measurement is taken in its entirety; and 

determining wheAer said weighted standard deviation exceeds a 
predetermined level. 




28. A breath test method for determining when the measured change in 
isptopic ratio of a breath sample deviates sufficiently from a baseline 
measurement that a clinically significant result of the breath test may be 
concluded, wherein said threshold comprises an upper and a lower threshold 
band of uncertainty, and wherein die extent of this band is dependent on at least 
one of the parameters selected from the group consisting of the elapsed time of 
said breath test» the standard deviation of die physiological spread of results, the 
dynamics of the physiological change in isotopic ratio, the number of points 
measured in the breadi test, the environmental conditions present during the 
breath test, and the noise and drift levels of the instrument executing the breath 
test. 

29. A method for determining die reliability of a breath test measurement, as a 
fimction of at least one of the criteria selected from the group consisting of die 
instrument noise and drift level, the standard deviation of the physiological 
spread of results, the dynamics of the physiological change in isotopic ratio, and 
the time elapsed since ingestion of a labeled substrate. 

30. The method according to claim 29 and wherein said reliability is 
expressed as a parameter which is taken into accoimt in determining when a 
clinically significant result has been obtained in said breath test, in order to 
terminate said test. 

31. The method according to claim 29 and wherein said reliability is 
expressed as a parameter which is output widi die result of the breath test 

32. A mediod of calibrating a breath test instrument, by continuous analysis of 
results of breath tests of a plurality of subjects, without the need for extemally 
siq)plied calibration means. 
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33. The method of calibrating a breath test instrument according to claim 32 
and also without the need for operator involvement. 

34. The method of calibrating a breath test instrument according to claim 32 
and also without the need for active subject involvement. 

35. The method of calibrating a breath test instrument according to claim 32, 
and wherein said continuous analysis comprises searching for correlation 
between the isotopic ratios of a gas species measured in said samples and the 
concentration of said gas species in said samples. 

36. The method of calibrating a breath test instrument according to claim 32, 
and wherein said continuous analysis comprises searching for correlation 
between the isotopic ratios of a gas species measured in said samples and an 
environmental condition present at the time of said breath tests. 

37. The method according to claim 36, wherein said environmental condition 
is the ambient temperature. 

38. A method of calibrating a breatfi test instrument, by analyzing results 
obtained on breath samples of a plurality of subjects not showing change of any 
significance in the isotopic ratios of a specific gas species measured in said 
samples, for correlation between said isotopic ratios and the concentration of said 
gas species in said samples. 

39. A method of calibrating a breath test instrument, by analyzing residts 
obtained on a plurality of collected breath samples fi-om one subject for 
correlation between the isotopic ratios of a specific gas species measured in said 
samples and the concentrations of said gas species in said samples. 




40. A method of calibrating a breath test instrument, comprising the steps of; 

(a) collecting a breath sample containing a specific gaseous species; 

(b) measuring the concentration of said specific gaseous species in said 
sample; 

(c) determining the isotopic ratio of said specific gaseous species in said 
sample; 

(d) diluting said sample such that said concentration of said specific 
gaseous species changes; 

(e) determining said isotopic ratio again; 

(f) repeating steps (d) to (f) to obtain measurements on a number of 
different concentrations of said sample; 

(g) looking for correlation between isotopic ratios and concentrations of 
said different concentrations of said sample; and 

(h) adjusting the calibration of said breafli test iustrument to reduce any 
correlation found. 

41. A method of correcting a change in the calibration of a gas analyzer for 
determining the isotopic ratio between a first isotopic species of samples of a gas 
and a second isotopic species of said samples of a gas, comprising the steps of: 

(a) assigning a concentration CI to each measured value of transmission 
Tl of said first isotope species for each sample, by assumiug given values for the 
parameters of the absorption curve for said first isotope species; 

(b) calculating the concentration, C2 of the second isotopic species for 
each sample measured, by assuming a predetermined ratio between the 
concentrations of said first isotopic species and said second isotopic species; 

(c) by means of a best-fit calculation, generating new parameters of the 
absorption curve for said second isotope species, by using, for each sample, said 
generated value of C2 and a measured value of the transmission T2 of said 
second isotope.species; „ , . 

(d) generating a set of corrected transmissions T2c of said second isotopic 
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species, by insertion of said calculated values of C2 obtained in step (b) into said 
new absorption curve for said second isotope species generated in step (c); 

(e) calculating the differences between said measured values of 
transmission T2 of said second isotope species, and said corrected transmissions 
T2c obtained in step (d); 

(f) calculating a set of normalized error differences AT2 = (T2c - T2) / T2 
for said second isotopic species; 

(g) by means of a best-fit calculation, generating from said set of 
normalized error differences AT2, a polynomial of AT2 as a function of the 
values of the concentration C 1 of said first isotopic species; and 

(h) using said polynomial to obtain iteratively corrected values of 
transmissions T2c' of said second isotopic species, in place of the initially 
measured values T2. 



s 

Q 42. A method of correcting a change in the calibration of a gas analyzer for 

determining the isotopic ratio between a first component and a second component 
of a gaseous sample, comprising the steps of: 

measuring die concentration of said first component by means of 
optical transmission measurements; 

calculating the concentration of said second component from said 
measured concentration of said first component, by assuming a predetermined 
ratio between said components; and 

correcting transmission measurements made on said second 
component such that a concentration derived therefirom is essentially equal to the 
concentration calculated in the previous step from said measured concentration of 
said first component 



43. The method of claim 42, wherein said components of said gas samples are 
isotopic components. 
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44. The method of claim 43, wherein said predetermined ratio is the isotopic 
ratio of carbon 13 to that of carbon 12, as found in the naturally occurring 
mineral Pee Dee Belemnite limestone. 

45. The method of claim 43, wherein said components are components of 
collected breath samples, and said predetermined ratio is a ratio of said 
components typical of a population to be measiired. 

46. The method of claim 42, wherein said step of correcting said transmission 
measurements made on said second ccmponent is performed by calculating 
corrected absorption curves for said second component. 

47. A metiiod of retroactively correcting the results of a breath test from tiie 
effects of incorrect calibration, comprising the steps of: 

performing a calibration procedure according to the method of 
claim 38 to determine the existence of correlation between measured isotopic 
ratios and the concentration of gas species in the breath samples; 

correcting the calibration of die instrument by means of corrected 
parameters of the gas absorption curves to eliminate said correlation; and 

recalculating the data of prior breath tests using said absorption 
curves with corrected parameters. 

48. A method of retroactively correcting the results of a breath test from the 
effects of incorrect calibration, comprising the steps of: 

performing a calibration procedvue according to tfie method of 
claim 39 to determine the existence of correlation between measured isotopic 
ratios and the concentration of gas species in the breath samples; 

correcting the calibration of said instrument by means of corrected 
parameters of its gas absorption curves to eliminate said correlation; and 

recalculating the data of prior breath tests using said absorption 
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curves with corrected parameters. 

49. The method of claim 48, and comprising the additional step of coUecting 
at least one additional sample from said subject before coirecting the cahbration 
of said instrument 

50. A method of calibration of a capnographic probe, operative for measuring 
input breath waveforms in a breath test instrument, comprising tiie steps of: 

(a) estimating the integrated concentration of the accumulated 
breatiis collected according to the measured capnograph waveforms; 
S (b) measuring the concentration of a sample of said accumulated 

^ breaths in the gas analyzer of the breath test instrument; and 

(c) coirecting the calibration of said capnographic probe such that 
2 it provides the same concentration as that measured by the gas analyzer. 



51. A breath test instrument which monitors changes in an isotopic ratio of a 
% gas in exhaled breath samples of a subject virtually continuously, and detemiines 
S that said test has a clinically significant outcome in accordance witii the ongoing 

results of said test 

52. A breath test instrument comprising a signal for indicating that a clinically 
significant outcome of a breath test has been determined. 

53. A breath test instrument according to claim 52, and wherein said signal is 
a visible signal. 

54. A breath test instrument according to claim 53, and wherein said signal is 
an audible signal. 



55. 



A breafli test instrument according to claim 54, and wherein said signal 



also indicates the nature of the clinically significant outcome of said breath test. 

S6. A breath test iostrument according to claim 51, such that the outcome of 
said test is substantially independent of dynamic physiological effects occurring 
in said subject as a result of background conditions. 



57. A breath test instrument according to claim 56, and wherein said 
background conditions are the result of treatment with a drug therapy. 



Q 58. A breath test instniTnetit accotdiag to claim 56 and wherein said 

yi background conditions are the result of food intake in a period prior to the 

f^ performance of the breath test. 

m 

M 59. A breath iastrument according to claim 58, and wherein the need for a 

E 

P pre-test fast by the subject is obviated. 

pa 

£ 60. A breath test instrument according to claim 51, and wherein the outcome 

of said test on said subject undergoing treatment with a gastro-intestinal drug 
therapy, is obtained more reliably than using corresponding breath tests which do 
not monitor said changes in an isotopic ratio substantially continuously. 



61. A breath test instrument according to claim 51, and wherein the outcome 
of said test is obtained more reliably than would be obtained by corresponding 
breath test instruments which do not monitor said changes in an isotopic ratio 
substantially continuously. 



62. A breath test instrument according to claim 51, and in which said outcome 
of said test is obtained sooner than would be obtained by corresponding breath 
test instruments which do not monitor said changes in an isotopic ratio 
substantially continuously. 
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63. A breath test instrument according to claim 51, and in which said ongoing 
results of said test enable a positive result to be determined even when said 
isotopic ratio does not clearly exceed a predetermined threshold level. 

64. A breaA test instrument according to claim 5 1, and in which said ongoing 
results of said test enable a negative result to be determined even when said 
isotopic ratio clearly exceeds a predetermined threshold level. 

^ 65. A breath test instrument according to claim 64, and in which said negative 

J2 result is determined because said isotopic ratio exceeds said predetermined 

4 threshold level because of instrumental drift. 

m 
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66. A breath test instrument according to claim 5 1, and in which said ongoing 
results of said test enable a negative result to be determined because of the 
detection of correlation between said isotopic ratio and instrumental drift 



S 67. A method of ensuring that the correct isotopically labeled substance kit is 

used for a specific breath test by means of die addition of a marker element to 
said substance, said marker element being selected to have an immediate and 
short term effect on the breath test, and Ae provision within the breath test 
instrumentation of a detector for said marker element. 

68. The method of claim 67 and wherein said breath test instrumentation also 
comprises means for enabling the instrument to perform analysis of the results of 
the breath test samples only after detection of said tnaiker element. 



69. A method for determining when the efifects of oral activity have subsided 
during execution of a breath test, by monitoring change in an isotopic ratio in 
samples of breath collected from a subject following Ihe ingestion of an 



isotopicaUy labeled substrate, to detect the presence of a meaningful peak over a 
predefined minimum threshold level occurring in said isotopic ratio, within a 
time shorter than the time taken to detect the physiological effect of interest in 
the breath test. 

70. The method according to claim 69, and wherein said meaningful peak 
subsides within a characteristic time interval from the ingestion of said 
isotopicaUy labeled substrate. 
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71. The method according to claim 70, and wlierein said characteristic time 
interval is 8 minutes. 

72. A method, in a breath test procedure, of determining a baseline level for 
an isotopic ratio of a gaseous species in exhaled breath of a subject before 
ingestion of an isotopicaUy labeled substrate, comprising the steps of: 

performing a measurement of a first baseline point; 

assessing the reliability of said measurement; and 

performing a second measurement of at least one additional 

baseline point if the reliabiUty of measurement of said first baseline point is 

determined to be inadequate. 

73. The method according to claim 72, and wherein said reliability of said 
measurement of said first baseline point is determined to be inadequate if the 
standard deviation of scatter of the separate results making up said measurement 
exceeds a predetermined value. 

74. The method according to claim 72, and wherein said reUability of said 
measurement of said first baseline point is determined to be inadequate if a 
sample with a concentration of said gaseous species within a predetermined level 
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of the target value has not been collected. 

75. A method, in a breath test procedure, of determining a baseline level for 
an isotopic ratio of a gaseous species in exhaled breath of a subject, before 
ingestion of an isotopically labeled substrate, comprising the step of measuring at 
least first and second baseline points. 



Q 
tO 

1= 

SSXi 
i -55 

Si 

m 
m 



□ 



76. The method according to claim 75, and wherein the mean of said two 
points is used as the baseline value, if the first two of said at least two baseline 
points fall within a predetermined range of each other. 

77. The method according to claim 75, and wherein a third baseline point is 
measured if the first two of said at least two baseline points do not fall within a 
predetermined range of each other. 

78. The mefliod according to claim 77, and wherein if tiie first two of said at 
least two baseline points do not fall within a predetermined range of each other, 
the point more distant fi-om said third baseline point is discarded. 



79. The method accordmg to claim 75, and wherem die breath test procedure 
is expedited by collection of said exhaled breath of a subject for determining said 
second baseline point before analysis of said first baseline point is completed. 



80. The mediod accordmg to claim 75, and wherein the breath test procedure 
is expedited by ingestion of said isotopically labeled substrate before the results 
of the analysis of said second baseline point are known. 

81. A breath simulator device for checking the system fimctionality of a 
breath test instrument, which provides gas samples to simulate exhaled breaths of 
a subject. 
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82. A breath simulator device according to claim 81 and wherein said 
simulation of exhaled breaths of a subject, comprises at least one of the 
properties selected from the group consisting of flow rate, total gas species 
concentration, isotopic ratio of said gas species sample, and respiration rate. 

83. A system checking device comprising a porous tube which allows 
preferential difiusion through its wall of one component of a calibrating gas. 

^ 84. A system checking device according to claim 83 and wherein said porous 

tube is operative to amend the isotopic ratio of a calibrating gas during passage 
through it. 



m 

M 
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^ 85. A system checking device according to claim 84 and also comprising gas 

p switching means for alternating the output of said device between calibration gas 

^ with and without an amended isotopic ratio. 



86. A system checking device according to claim 85 and wherein said gas 
switching means is operative also for alternating the output of said device 
between calibration gas with and without an amended isotopic ratio, and air 
without any calibrating gas. 

87, A system checkiag device according to claim 86 and wherein said gas 
switching means operates at a switchir^ rate in a range similar to human 
respiration rate. 



88. A system checking device comprising: 

a calibrating gas inlet conduit supplying calibrating gas to a porous 
tube, said porous tube allowing preferential diffusion through its wall of one 
component of said calibrating gas; 
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. calibrating ga. """^ ""^ 

b^ing oontinuaUy flushed »i.h a pMg^g g» ..^ c™.P«nent 

!:::acaUblggaswhi^al«^s*.oug.sai.waUof»idp»roos»^. 

g, A system checking aevicea«ordiBg»olain.8«ope«ti««.m«.4*e 
i««opic ratio of a oaUbrating gas during passage through .t. 

oo A sys^m checking device according «. claim 89 and also comprising gas 
Lhimeansfor.l.ernati..*.ou.pu.o.saidde.cehe«eencaahratio„gas 

wift and wiflioot an amended isotopic ratio. 

„ A system checking device according .o claim 90 and therein s^d gas 
without any caUbrating gas. 

-4;«o to claim 91 and wherein said gas 
Q2 A system checking device according to claun an 

switching means operates at a switchmg rate m a range 
respiration rate. 

,3 A hrea* .es^r inco,por«ing a system checking device according to claim 
« an^ also comprising a receiver into «hich is inserted a contamer of 
Llg gas. sail receiver including means f. enahlins a cahhrauon Check 

procedure in said breath tester. 

,4 A breath tester according to claim 93. -herein said container of 
TaUbralg gas ismade Of glass. andinse.tionofs,idcon^i..-a-^ — 

3cma.esbreakag.ofsaidglass.ti>e,ebyrele.si.gsaidC.bratmgg.s. 
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101. A system checking device for use wi A a gas analyzer, comprising: 
a calibration checking unit; and 

enabling mechanism for enabling operation of said gas analyzer. 
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102. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is operative to count the number of 
tests performed by said gas analyzer. 

103. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is operative to accumulate the time of 
operation of said gas analyzer. 

104. A system checking device for use with a gas analyzer according to claim 
101 and also comprising a filter for removing fluids from a gas to be analyzed. 

105. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is actuated by the use of said 
calibration checking imit. 

106. A system checking device for use with a gas analyzer according to claim 
104 and wherein said enabling mechanism for enabling operation of said gas 
analyzer is operated by said filter. 

107. A system checking device for use with a gas analyzer according claim 101 
and wherein said enabling mechanism is communicative with said gas analyzer 
by means of a signal selected fi-om a group consisting of electrical, electronic, 
optical, mechanical, magnetic, pneumatic and gaseous signals. 

108. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is operative to ensure proper location 
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of said calibration checking unit 

109. A system checking device for use with a gas analyzer according claim 101 
and wherein said enabling mechanism comprises optical transmitter and receiver 
means, the optical path between which is completed by reflection from said 
calibration checking unit only when said calibration checking miit is properly 
located in said gas analyzer. 

1 10. A system checking device for use with a gas analyzer, comprising: 
a Galibration checking imit; and 

y3 a coimt actuating mechanism initiated by first use of said system 

J checking device, operative to begin a count of the number of tests performed with 

xi said system checking device. 
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111. A system checking device for use with a gas analyzer according to claim 
1 10 and also comprising a filter for removing fluids from the gas to be analyzed. 



□ 112. A system checking device for use with a gas analyzer according to claim 

110 and wherein said count actuating mechanism is actuated by said calibration 
checking unit. 

113. A system checking device for use with a gas analyzer according to claim 

111 and wherein said count actuating mechanism is actuated by said filter. 

114. A system checking device for use with a gas analyzer according to claim 
110 and wherein said count is used to prevent use of said gas analyzer after a 
predetermined number of tests have been performed. 



115. A system checking device for use with a gas analyzer according to claim 
110 and wherein said count of the number of tests performed with said system 
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checking device is perfonned within the gas analyzer. 

1 16. A system checking device for use with a gas analyzer according to claim 
110 and wherein said count of the number of tests performed with said system 
checking device is performed within the system checking device. 

117. A system checking device for use with a gas analyzer according to claim 
110 and wherein said count actuating mechanism is communicative with said gas 
analyzer by means of a signal selected from a group including electrical, 
electronic, optical, mechanical, magnetic, pneumatic and gaseous signals. 

1 18. A system checking device for use with a gas analyzer according to claim 
101 and wherein said calibration checking unit releases a calibration checking gas 
of known composition into said gas analyzer. 

1 19. A system checking device for use with a gas analyzer according to claim 
118 and wherein said enabhng mechanism is actuated by release of said 
calibration checking gas. 

120. A system checking device for use with a gas analyzer according to claim 
1 10 and wherein said caUbration checking unit releases a caUbration checking gas 
of known composition into said gas analyzer. 

121. A system checking device for use with a gas analyzer according to claim 
120 and wherein said count actuating mechanism is actuated by release of said 
calibration gas. 

122. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is actuated by means of an active 
integrated circuit disposed on said system checking device 
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123. A system checking device for use with a gas analyzer according to claim 
110 and wherein said count actuating mechanism is actuated by means of an 
active integrated circuit disposed on said system checking device 

124. A system checking device for use with a gas analyzer according to claim 
110, and also comprising a disenabling device which prevents said count 
actuating mechanism from being reinitiated after first use of said system checking 
device. 

125. A system checking device for use with a gas analyzer according to claim 
104 and wherein said filter is a section of a sampling tube having built-in fluid 
filtering properties. 

126. A system checking device for use with a gas analyzer according to claim 
122 and also comprising a filter for removing fluids firom a gas to be analyzed. 

127. A system checking device for use with a gas analyzer according to claim 
126 and wherein said filter comprises a drying agent disposed in proximity to at 
least part of an inside wall of said sampling tube. 

128. A system checking device for use with a gas analyzer according to claim 
104 and wherein the construction of said caUbration checking unit and said filter 
are such as to essentially maintain the waveform of a breath of gas to be 
analyzed. 

129. A system checking device for use with a gas analyzer, comprising: 

a sampling line for conveying a gas to be analyzed to said gas 

analyzer; 

at least one enclosure housing at least one container of caUbration 
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gas; 

at least one mechanism for releasing said caUbration gas in said at 
least one container into said enclosure, said mechanism having interactive control 
contact with said gas aiialyzer; and 

at least one deUvery conduit connecting between said enclosure 
and said sampling tube for conveying said calibration gas after release into said 
sampling line. 

130. A system checking device for use with a gas analyzer according to claim 
129 and wherein said interactive control contact comprises die actuation of said 
mechanism by means of said gas analyzer 

13 1. A system checking device for use with a gas analyzer according to claim 
129 and wherein said interactive control contact comprises the transmission of a 
signal to said gas analyzer on actuation of said mechanism. 

132. A system checking device for use with a gas analyzer according to claim 
129, and wherein said at least one container of caUbration gas comprises two 
containers of calibration gas. 

133. A system checking device for use with a gas analyzer according to claim 
129, and wherein said at least one deUvery conduit comprises two deUvery 
conduits. 



134. A calibration checking unit for use with a gas analyzer, comprising: 

a calibration gas mixture comprising at least a first and a second 

gas; and 

a delivery conduit for conveying said calibration gas mixture to 
said gas analyzer, said delivery conduit comprising a material which allows 
preferential diffusion through its wall of at least one of said at least a first and a 
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second gas. 

135. A calibration checking unit for use with a gas analyzer according to claim 
134, and wherein said material is a selective membrane. 

136. A calibration checking unit for use with a gas analyzer according to claim 
134, and wherein said material is a porous diffusive tube. 

137. A kit for system checking a gas analyzer comprising at least one 
calibration checking unit and a pluralitj' of disposable sampling mbes for each of 

^ at least one calibration checking imit. 
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138. A kit for system checking a gas analyzer according to claim 137, and 
wherein at least one of said sampling tubes comprises a fluid filter. 

139. A kit for system checking a gas analyzer comprising: 

at least one calibration checking unit capable of interactive 
communication with said gas analyzer; and 

a plurality of disposable sampling tubes for each of said at least 
one calibration checking unit. 

140. A kit for system checking a gas analyzer according to claim 139, and 
wherein at least one of said sampling tubes comprises a fluid filter. 

141. A calibration checking unit operative to generate a second calibration 
material from a first material input thereto. 



142. A calibration checking unit according to claim 141 and wherein said first 
material is also a calibrating material. 
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143. A calibration checking unit according to claim 141 and wherein said 
materials are gases for use in a gas analyzer. 

144. A breath bringer which changes a characteristic during use. 

145. A breath bringer according to claim 144, and wherein said characteristic is 
a color. 

146. A system checking device for use with a gas analyzer according to claim 
101 and wherein said enabling mechanism is operative to accumulate the time 
since the last system check of said gas analyzer. 



147. A method of constructing an improved, electrically excited, gas discharge 
H lamp, whose output is characteristic of spontaneous emission of at least one 

IR-active gas species to a groimd state, comprising the steps of: 
3 constructing a lamp envelope; 

cleaning said lamp envelope; and 

filling said envelope with a gas mixture comprising said at least 
one IR-active gas species; 

the improvement being the additional step of including a catalytic 
material within said lamp envelope. 

148. The method according to claim 147, wherein said catalytic material is 
operative to increase the spectral stability of said lamp by reducing changes wdth 
time in the level of self-absorption in said gas mixture. 

149. The method according to claim 147 wherein said catalytic material is 
coated on an inside wall of said envelope. 



150. The method according to claim 147, wherein said catalytic material is 
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chosen from a group comprising gold, silver, rhodium, iridium, palladium, 
platinum and nickel. 

151. A method of constructing an improved electrically excited gas discharge 
lamp, whose output is characteristic of spontaneous emission of at least one 
IR-active gas species to a ground state, comprising the steps of: 

constructing a lamp envelope; 

cleaning said lamp envelope; and 

filling said envelope with a gas mixture comprising said at least 

one IR-aetive gas species; 
2 the improvement being the additional step of including a catalytic 

% material within said lamp envelope, such that the volume of said lamp can be 

!ji decreased. 
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152. The method according to claim 151, wherein said lamp volume is less 
than approximately 6 milliliters. 

153. A method of constructing an improved electrically excited gas discharge 
lamp, whose output is characteristic of spontaneous emission of at least one 
ER-active gas species to a ground state, comprising the steps of: 

constructing a lamp envelope; 
cleaning said lamp envelope; and 

filling said envelope with a gas mixture comprising said at least 

one IR-active gas species; 

the improvement being the additional step of including a catalytic 
material within said lamp envelope, such that the IR-active gas concentration can 
be decreased. 



154. The method according to claim 147, wherein said IR-active gas species is 
carbon dioxide. 
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155. The mefliod according to claim 151, wherein said IR-active gas species is 
carbon dioxide. 

156. The method according to claim 153, wherein said IR-active gas species is 
carbon dioxide. 

157. The method according to claim 156, wherein the concentration of said 
carbon dioxide is less than approximately 5%. 



158. An improved electrically excited gas discharge lamp, whose output is 

0=1 

4 characteristic of spontaneous emission of at least one IR-active gas species to a 

Si groimd state, comprising: 

a lamp envelope containing a gas mixture comprising said at least 

%i one IR-active gas species; and 

£ electrodes external to said envelope for exciting said at least one 

£ IR-active gas species; 

□ the improvement being a catalytic material located within said 

lamp envelope. 

159. The lamp according to claim 158, wherein said catalyst is operative to 
increase the spectral stability of said lamp by reducing changes wifli time in the 
level of self-absorption in said gas mixture. 

160. The lamp according to claim 158, wherein said catalytic material is coated 
on an inside wall of said envelope. 



161, The lamp according to claim 158, wherein said catalytic material is 
chosen from a„groaip coniprising gold, silver, rhodimn, iridium, paUadimn^ 
platintmi and nickel. 
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162. The lamp according to claim 158. wherein said IR-active gas species is 
carbon dioxide. 

163 . A method of determining change in isotopic ratio in a plnraUty of at least 
a first, a second and a third gaseous sample coUected at different points in time, 
wherein said change in isotopic ratio is determined by measuring the isotopic 
ratio of said second sample in relation to said first sample, and in relation to said 
tiiixd sample. 

164. A method of reducing the effect of changes in the operating conditions of 
a gas analyzer on isotopic ratios measured in a series of at least three gaseous 
samples, by measuring the isotopic ratio of at least one sample in relation to a 
sample collected before and a sample coUected after said at least one sample. 



I 165. A method of determining change inihe isotopic ratio between a first and a 

second gaseous sample, con^)rising the steps of: 

(a) measuring said isotopic ratio of said first sample; 

(b) measuring said isotopic ratio of said second sample; 

(c) determining the difference between said isotopic ratios; 

(d) dividing said difference by one of said ratios; and 

(e) adding said change to a previous change determined between a 
prior first and second sample. 

166. The method according to claim 165. and wherein said difference is 
divided by said isotopic ratio of said first sample. 



167. The method according to claim 165, and wherein said difference is 
divided by said isotopic ratio of said second sample. 



168. The method according to claim 165, and wherein said difference is 
divided by said isotopic ratio of said first sample when said ratio of said first 
sample is higher Aan said ratio of said second sample, and said difference is 
divided by said isotopic ratio of said second sample when said ratio of said 
second sample is higher dian said ratio of said first sample. 

169. A method of determining change in isotopic ratio in a plurality of at least 
a first, a second and a third gaseous sample collected at different points in time, 
wherein said change in isotopic ratio is deteimined by measuring the isotopic 
ratio of said second sample in relation to said first sample, and in relation to said 

3 third sample, each of said change in isotopic ratio being determined by the 

m 

^ method of claim 165. 



~»— 



170. A metiiod of using a gas analyzer for determining change in the isotopic 
ratio of gaseous samples relative to a predeteimined isotopic ratio, wherein said 
gas analyzer is caUbrated according to the method of claim 41 using the same 
predetermined isotopic ratio. 

171. The method of claim 170, wherein said predetermined ratio is the isotopic 
ratio of carbon 13 to that of carbon 12, as found in the naturally occurring 
mineral Pee Dee Belenuiite limestone. 

172. The method of claim 170, wherein said gaseous samples are collected 
breath samples, and said predetermined ratio is a ratio of breath components 
typical of a population to be measured. 

173. A method of determining change in the isotopic ratio between a first and a 

second gaseous sample, comprising the steps of: 

(a) measuring said isotopic ratio of said first sample; 

(b) measuring an isotopic ratio of a reference sample; 
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(c) computing a first difference between said first two isotopic 

ratios; 

(d) measuring said isotopic ratio of said second sample; 

(e) remeasuring an isotopic ratio of said reference sample; 

(f) computing a second difference between said second two 

isotopic ratios; and 

(g) subtracting one of said first and said second differences fi-om 

the other. 

174. A method of detennining change in the isotopic ratio between a first and a 
second gaseous sample, comprising the steps of: 

(a) measuring said isotopic ratio of said first sample; 

(b) measuring a first isotopic ratio of a reference sample; 

(c) computing a first diflference between said isotopic ratio of said 
first sample and said fixst isotopic ratio of a reference sample; 

(d) normalizing said first difference relative to said first isotopic 

ratio of said reference sample; 

(e) measuring said isotopic ratio of said second sample; 

(f) measuring a second isotopic ratio of said reference sample; 

(g) computing a second difference between said isotopic ratio of 
said second sample and said second isotopic ratio of said reference sample; 

(h) normalizing said second diflference relative to said second 
isotopic ratio of said reference sample; and 

(i) detemiining said change in said isotope ratio by subtracting one 
of said normalized dififerences from the other. 



175. The method according to claim 174 and wherein said samples are breath 
samples collected firom a subject. 
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176. The method according to claim 175 and wherein said reference sample is 
a baseline sample. 

177. The mediod according to claim 175 and wherein said reference sample is 
obtained from a reservoir of said reference sample gas. 
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178. In a breath test, a method of determining change of an isotopic ratio in a 
plurality of breatii samples of a subject, comprising the steps of: 

(a) collecting a reference sample of breath; 

(b) determining the isotopic ratio of a first one of said plurality of 
breafli samples by comparison with that of said reference breath sample; 

(c) determining the isotopic ratio of a second one of said plurality 
of breath samples by comparison with that of said reference breath sample; and 

(d) computing the change in said determined isotopic ratios 
between said first one and said second one of said plurality of breadi samples. 

179. The method according to claim 178 and wherein said reference sample is 
a baseline sample collected before the effects of any ingested identifying 
substrate are observed. 



180. The method of claim 178, wherein said steps of con^aring said isotopic 
ratio of said plurahty of breath samples with that of said reference breath sample 
is performed by measurement of said reference breath sample in its own 
reference chamber. 



181. The method of claim 178, wherein said steps of comparing said isotopic 
ratio of said plurality of breadi samples wdth that of said reference breath sample 
is performed by introducing said reference breath sample into a sample 
measurement chamber altemately between separate ones of said plurality of 
breath samples. 
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182. The method of claim 178, wherein a separate portion of said reference 
sample is used for comparing said isotopic ratios of each of said plurality of 
breath samples. 

183. An apparatus for executing the method of claim 178, and comprising a 
reference chamber for containing said reference sample during measurement. 

1 84. An apparatus for executing the mediod of claim 1 78, and comprising ports 
for introducing said reference breath sample into a sample measurement chamber 
alternately between separate ones of said plurality of breath samples. 




ABSTRACT 

Brea& test methods and apparatus for increasing accuracy and reducing 
the time taken to achieve diagnosticaUy useful results, hi order to determine 
when an mcrease m isotopic ratio of the exhaled breath is clmically significant, 
methods are described for the use of a variable and multiple threshold level; for 
reducing the time taken to determine an accurate basehne level; and for avoiding 
flie effects of oral activity when making measurements. To increase measurement 
accuracy, methods are described, using the results of the breath tests themselves, 
of continuous and automatic self-calibration to correct for drifts in the gas 




spectrometer absorption curves. A method for increasing the spectral stabihty of 
cold cathode discharge infi^a-red hght sources for use in breath test 
instrumentation is described. Calibration checking devices and methods of 
mandating their use at regular time intervals are described, to ensure maintenance 



of the accuracy of breath tests. 
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